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Current too low—In this case slightly lifted to produce the arc; for 
the slag and metal flow in small best results keep the arc at a constant 
WM“ Yornps, the metal and slag not length of between fin. and in. This 
CURRENT TOO Low separating, forming a series of makes for good pics To lay 
globules on the plate—wasteful. down a bead, hold the 
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pie baa guished from the metal—the slag 
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—economical. IN-Ya MANUFACTURING CO. 1s ical 


For good sound welding use Actarc and Surearc PROPRIETORS OF THE SUREARC ELECTRODE CO. 


cir r is shown o1 
eee “the carton. ik: ACTARC WORKS, GOLDHAWK tink beneee, W.12. 


Activarc 


May we help with your 
welding problem? 


Telephone : SHE 1151/3» Telegrams 














xxii THE ENGINEERS’ DIGEST 


=v 
ox 
7 
=x 
ore 
x» rn 
“no 






The 
STEEL- 
MELTER 


(s0T0m evecrmse ruamace 


ENGLISH STEEL CORPORATION L° 
EEL MANUFACTURERS VICKERS WORKS —— 





INC 


By D: 
TEST 
DEFEC 
or th 
before 
with 
off an 
work- 
very a 
for th 

De 
ascert 
destro 
methc 
mater 

In 
which 
cracks 
crease 
neces: 
favou 
the p 
testin 


Fig. 


the : 
visib] 
to ap 
be ca 
been 
to te 











THE ENGINEERS’ DIGEST 1 


INCREASED OUTPUT BY MEASURING AND TESTING DURING 
PRODUCTION. 


By Dr.-Ing. WALTER KAAL, Krefeld-Uerdingen (From Fertigungstechnik, No. 6, September, 1943, pp. 129-134). 


TESTING THE QUALITY OF RAW MATERIAL. 
DEFECTS in material may concern either the substance 
or the dimensions. The latter should be remedied 
before starting production proper ; for instance, forgings 
with defective original dimensions can often be marked 
off and centred in such a manner that the resulting 
work-pieces are completely correct. Complicated or 
very accurate measuring instruments are rarely required 
for ar purpose. 

Defedts in the substance or material structure are 
ascertained by investigating test pieces which are 
destroyed during the investigation, but there are also 
methods of testing without destruction and loss of 
material. 

In this connection, a method may be mentioned 
which uses magnetic powder of file-dust to indicate 
cracks in the surface of work-pieces. In order to in- 
crease the economic efficiency of this method, it is 
necessary to arrange the testing instruments so that a 
favourable ratio of testing time proper to setting time of 
the pieces to be tested is obtained. An example of 
testing small work-pieces is shown in Fig. 1. 





Fig. 1. Test instrument using impulses of electric current : 
Ferro-pulse-crack-finding. 

Where these instruments cannot be used because 
the surfaces of the work-pieces are not completely 
visible, or it is not possible for some reason or other 
to apply the fluid containing the file-dust, the test may 
be carried out by means of X-rays. Instruments have 
been .developed which provide for these investigations 
to take place in the workshops during production. 





Fig. 2. Double radioscopy-desk for mass-control. 


Fig. 2 shows an X-ray cabinet for large batch- or mass- 
production. A box is divided into three concentric 
partitions or chambers and lined with lead as a pro- 
tection against undesirable radiation. The mid- 
chamber with the X-ray tube has two windows letting 
the rays enter the two external chambers. These 
windows are covered by flaps of lead and must be kept 
open during the radioscopy of the work-pieces by 
treadle. The screens, on which the X-ray pictures are 
visible, are on the front sides of the external chamber, 
and a pane of lead-glass protects the observer when 
looking at the screen. 


TESTING DIMENSIONS OF FINISHED 
WORK-PIECES. 

It is important to discover the cause and to remedy 
defects in the work-pieces as quickly as possible after 
they have arisen. At the same time e decided 
how to deal with the faulty wo ide any 
organization of the inspectj epart > some 
technical aspects of the proble ly WitPbe drgEussed. 
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Fig. 3. Relation of limits of production to limits of testing. 


Measuring and testing work-pieces on the machine.— 
The relation between the limits used for production 
and the limits used for testing is illustrated by Fig. 3. 
If the control takes place at the machines, the testing 
limits decided on must, in some cases, be still smaller, 
which may necessitate new methods and instruments 
for measuring. For instance, the steps of the precision 
gauge blocks must be simplified, e.g., if the accurate 
distance of two spindles is to be determined during 
production, measuring with the usual gauge blocks in 
steps of 1 would be too difficult and would take too 
much time ; also, the wear and tear of the blocks would 
endanger the accuracy of the measurement. In this 
case, the application of the Ultra-t-key (Figs. 4 and 5) 
can be recommended. 

If the magnitude of the variations and eventual 
defects are to be determined, an instrument called 
‘* Maximeter” may be useful, the manipulation of which, 
when measuring work-pieces in the machine, is illus- 
trated by Figs. 6 and 7. The accuracy of measurement 
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Fig. 4. The Ultra-j,-key, an adjustable parallel gauge block, 
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Fig. 5. Applying the Ultra-y-key to 

assembly work (determination of 

the exact distance between two 
spindles). 


= 


Fig. a. Inserting the ‘“ Micro-Maag- 


the work-piece is still in the machine. 
is very high as the use of touch is eliminated. The whole 
limits of production can be applied as no wear of the 
gauge need to be taken into account, which is necessary 
when using fixed gauges. 

Similar principles are used when measuring holes. 
The ‘“ Micro-Maag ”’ (Figs. 8a and 8b) facilitates this 
work considerably. The measuring time is shortened, 
accuracy is increased and any use of the sense of touch 
is excluded, thus securing a constant measuring 
pressure. 

Measuring instruments of high accuracy have only a 
short measuring action and, therefore, also only a short 
measuring range. This is especially the case with those 
instruments where a system of levers is inserted 
between the actual measuring and the reading- 
off of the measured result. Transmission of 
the measuring movement by levers can easily 
lead to inaccuracies due to play in the bearings, 
etc. This can be avoided by using electricity as 
a means of transmission, having the additional 





Fig. 9. Eltas instrument for measuring 


oles, Fig. 10. Eltas instrument for outside 
measurement, 





Fig. 8b. The measurement of th 
gauge” into the hole to be measured, while beread off after inserting the gauge and 
releasing it. 





DIGEST 


Fig. 6. Measuri the work-piece 

in the machine by inserting the 
‘daboack | > a e” of Messrs. Fig. 7. The “ Maximeter” shows 
Hahn & Kolb, Stuttgart. the actual measurement of the 


work-piece after release. 


advantage, of separating the mea- 
suring process and the observation, 
without impairing the simplicity and 
accuracy of the instrument, as illus- 
trated by Figs. 9, 10, 11 and 12. 
Fig. 13 shows an automatic 
measuring instrument which uses 
the “Eltas gauge” for picking out 
defects and grouping useful rollers 
for roller-bearings according to the 
diameters admissible within the 
' limits allowed. There are only few 
, permitted, if accurate bearings are 
to be produced. Of less interest is 
the extent of deviation from the 
nominal diameter. The production 
of these rollers can, therefore, take place within larger 
allowances, resulting in an increased output. The 
rollers are picked out carefully so that only rollers of one 
and the same stage of selection are used for one bearing. 
Three stages can be obtained by means of this 
machine, and 3,600 rollers can be sorted per hour, the 
diameters of the rollers being between 4 and 12 mm. 
and their length between 4 and 20 mm. By a second 
selection the first three groups can be subdivided again 
into a total of nine groups (see Fig. 14). The efficiency 
of this method is very high, but the accuracy of the 
selection depends, to a great extent, on the quality of 
the surface and on keeping the exact geometrical form. 





e hole can 





Fig. 11. Eltas instrument for thread 
measurement using the “ three- 
wire-method.” 
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Fig. 12, Eltas feeler. 


a = feeler, 
b = magnetic coils, 
c = mobile tongue. 
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The methods of <. 
Schmaltz and of 
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Linnik, and the use CD) 
of the super-micro- YWuH®*Ys 





scope, are, generally, 
too complicated and 
far-reaching for 
workshop purposes. 
It is usually suffi- 
cient to compare the 
surface with that of 
a workpiece which 
has been proved 
satisfactory. This can be done by means of a comparison- 
microscope (Fig. !5), which can be used immediately on 
the machine in the shop (Fig. 16), and by which the two 
surfaces to be compared can be observed, one beside the 
other, without any line of separation (Fig. 17). 

Automatic measuring and testing of work-pieces.— 
Testing the dimensions of work-pieces can be used for 
controlling automatically and, if necessary, stopping the 
machine as soon as the required dimension has been 
obtained. Figs. 18 and 19 show a grinding machine 
fitted with such an attachment. 

Another method of testing during production is to 
design the fixture for the second operation so that the 
work-piece cannot be put into it, if the first operation is 
not within the prescribed limits. This method, of 
course, cannot always be adopted, but it is probable that 
considerable improvement and increase in output could 
be achieved if this principle were more widely applied. 
om ° ares amet -It would result in 
progressive com- 
»pliance to the in- 
terchangeability of 
parts by production 
within the required 
limits; all fitting 
work would become 
unnecessary, and 
assembly work, at 
least, would be con- 
siderably simplified 
and time shortened. 
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i Fig. 13. Automatic 
‘sorting machine for 
cylindrical rollers 
using the Eltas in- 
strument. Output: 
3,600 pieces per hour. 








Production 
Fig. 14. Schematic Yili jjpw7 
representation of the 
selection stages of 
the Eltas - sorting- 
machine. Produc- 
tion allowances = 141. 
Picked out in 7 hours 
into 24 and into one + 
reject-stage each. 


Ist selection: into 3 
groups (intermediate 
group = 61). 
2nd_ selection: each 2nd. Selection into 3groups - 
iL 
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a Fig. 15. Schematic 
representation of the 
surface testing in- 
strument. 

(a) interchangeable eye- 
piece (b) lamp-box (c) 
and (d) driving pins for 
adjusting objectives (e) 
chuck for the model- 
piece (f) table support 

———4 for pieces to be tested 

(g) driving pin for ad- 

justing the table (h) 

rollers as holders (i) 

stay, for use of the in- 

strument without foot 

(k) model, for compari- 

| ___,son (1) work-piece to be 

tested (m) objective for 

+——"the model-piece (n) 

iobjective for the work- 

piece to be tested (0) 

clamp screw (p) system 

of partition, to be 
shifted (position 2 per- 
mits the observation of 

two objects with half a 

visual field each). 
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Fig. 17. Turned test- 
pieces ; difference of 
the surfaces. 


Fig. 16 (left). Surface 
testing instrument, 
ready for use at the 
machine. 


Fig. 18. Fortuna grin- 
ding machine equip- 
ped with automatic 
measuring and con- 
trolling attachment. 
Fig. 19. Measuring 
head of machine (Fig. 
18) in working posi- 
tion : (a) head, partial 
balance of weight by 
spring(b) stand. clamped 
to the table of the 
machine (c) box for 
electric switch- and con- 
= trol-elements (d) box for 
& hydraulic switch- and 
* control - elements (e) 
spring joint for parts (a) 
and (f) (f) adjustable 
holder for head (a) (g) 
7 scale for setting the dia- 
meter to be ground (h) 
adjustable support (i) 
main shifting lever of 
the machi 
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A FURTHER STAGE IN DEVELOPMENT OF THE INDOOR AIR-BLAST 
HIGH-SPEED CIRCUIT-BREAKER. 
(By H. THOMMEN. (From The Brown Boveri Review, Vol. XXXI, No. 4, April, 1944, pp. 141-150). 


RUPTURING operations of air-blast high-speed circuit- 
breakers are initiated by the opening of a main valve, the 
compressed air streaming through the hollow insulators 
to the switching chambers and extinguishing the arc. 
Investigations have shown that specific rupturing 
capacity can be increased chiefly by reducing the 
deleterious space between the main valve and arc 
extinction contacts. By diminution of the foregoing 
space, specific 1upturing capacity of circuit-breakers up 
to 30 kV rating increased by an average of about 70 per 
cent, and air consumption per rupturing operation has 
dropped by approximately 50 per cent. 

This advance is due to adoption of two-stage arc 
extinction, investigations into air flow conditions, and 
general simplification of design. Fig. 1 shows the 
capacity attained with hollow contacts under different 
flow conditions of the compressed air during its passage 
to the arc extinction chambers. The flow conditions 
were examined with the aid of water, which gives a 
sufficiently good approximation to conditions with 
compressed air if the velocity is correctly adjusted. 
Improvement in flow conditions gives an increase in 
capacity of a given contact arrangement. On the basis 
of these tests it was possible to reduce substantially 
cross-sections of the air passages and, in consequence, 
of the deleterious space referred to above. 
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Fig. 1. Rupturing capacity with a given contact arrange- 
ment in relation to the compressed air flow conditions. 


Left : Poor flow conditions. At the point indicated by the arrow 
the jet of water does not fill out the entire cross-section. 
Centre : Moderately good flow conditions with eddies. 


Right : Good flew conditions, the water leaving the opening in the 
form of a uniform jet, 


The inherent frequency of a system has decisive 
influence on circuit-breaker operations. In low and 
medium-voltage systems stressing of circuit-breakers 
through this cause may take on serious proportions given 
certain conditions, e.g., when short-circuit power is 
limited by transformers or reactors and there ere no 
further branch lines in parallel with the circuit-breaker 
after disconnection. In case of two-stage arc extinction 


A 
Fig. 2. Cathode-ray oscillogram of 
recovery voltage when clearing a 
short circuit with a high inherent 
system frequency. 
B Upper trace: Without two-stage arc 


extinction. 


Lower trace: With two-stage arc ex- 
tinction. 


a resistance connected in series with a blast controlled 
spark gap is switched in parallel with the like-wise blast- 
controlled break. When high powers are ruptured, the 
spark gap is cut automatically by the hot switching gases. 
The oscillograms of a rupturing operation with a con- 
ventional air-blast circuit-breaker under short-circuit 
conditions are shown in Fig. 2 (top). The inherent 
circuit frequency was 26 k.cs., and consequently the 
voltage rise across the arc extinction contacts attained 
an extremely high value of 1600 V/s. In a circuit- 
breaker equipped with a spark gap and damping 
resistance, the voltage rise has been reduced to 37 V/s 
sec. (Fig. 2). This is given by the relation : 


du R du 
(=) — . Umax where (=) Max. voltage 
dt/ max is dt max rise, 


R = Damping resistance, L = Induction of system, 
Umax = Peak value of recovery voltage. 


The effect of system capacitance is nil, because the 
low damping resistance compels an aperiodic voltage 
rise. As the network is extended, tendency to oscillation 
due to capacity gradually becomes more pronounced, 
the inherent frequency, however, is diminished to an 
extent that it is no longer the deciding factor in stressing 
the circuit breaker. Supplementary network capaci- 
tance only diminishes the voltage rise given by the above 
equation. The damping resistance renders the ruptur- 
ing operation independent of the prevailing inherent 
system frequency. Fig. 3 shows the behavior of a 400 
MVA circuit breaker with increasing inherent frequency. 
Without damping resistance the rupturing capacity falls, 
off rapidly, whereas with two-stage arc extinction a 
virtually horizontal capacity characteristic is obtained. 
This is of importance within the range of lower high 
voltages, where inherent frequency can be very high. 

Circuit breakers are subjected to stresses of an 
extremely diverse nature. Most load circuits have 
pronounced ohmic components or a voltage is main- 
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Please replace the incomplete Fig. 2, 
of the January issue, on page 4, by 


the adjoining figure. 
Fig. 2. Cathode-ray oscillogram of 
recovery voltage when clearing a 


short circuit with a high inherent 
system frequency. 


Upper trace: Without two-stage arc 
extinction. 

Lower trace: With §wo-stage arc ex- 
tinction. 
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Inherent frequency in kc. 
Fig. 3. Rupturing capacity as function of inherent frequency 
with and without two-stage arc extinction. 
Curve 1: Maximum rupturing capacity without two-stage arc 
extinction. 
Curve 2: Maximum rupturing capacity with two-stage arc ex- 
tinction. 




















tained before and behind the circuit 
breaker after arc-extinction so that 
voltage drop across the contacts is 
relatively small. Fig. 4 shows the 
rise of voltage stresses during dis- 
connection of an induction motor. 

Particular attention must be 
paid to interruption of low capaci- 
tive and inductive currents. 

With capacitive currents the 
most critical case is the disconnection 
of a system in which an earth 
fault has developed. The re- 
covery voltage which each pole of a 
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Fig. 4. Oscillogram of disconnection of alargeinduction motor. 


1. Motor current : 200 A. 
UN. System voltage : 8000 V. 
UM. Motor voltage slowly dying away after interruption of current. 
Recovery voltage across circuit-breaker terminals. The 
lower record gives the recovery voltage to a reduced scale, 
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Fig. 5. Oscillogram of rupture of a capacitive load current 
under line voltage conditions. 
J. Capacitive current. 
UN. System voltage. 
UC. Voltage across contacts of disconnected capacitive circuit. 
UCo. Voltage across contacts of charged capacitive circuit after 
interruption of the current. 


UW. Recovery voltage across circuit-breaker contacts. 

circuit breaker has to withstand is approximately twice 
the line voltage because the capacitive circuit remains 
charged after current-interruption while the voltage at 
power frequency on the supply side changes sign. 
Fig. 5 shows a disconnection oscillogram for a capacitive 
load current. 

Whereas forceful arc extinction is imperative to 
avoid its restriking when interrupting capacitive circuits, 
it may prove harmful, given certain conditions, in case 
of inductive circuits. The rapid decline of the current 
prior to its natural passage through zero causes a con- 
version of magnetic into electrical energy, and particu- 
larly high voltage values can be attained in circuits of 
relatively low capacity. With double-stage arc extinc- 
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. 6. Comparison of over-voltages when interrupting pure 
Secs circuits with and without two-stage arc extinction. 
Curve 1. Measured over-voltages without two-stage arc extinction. 
Curve 2. Limiting of over-voltage with two-stage arc extinction. 
o. Operations not involving breakdown of testing spark-gap. 
x. Operations involving breakdown of testing spark-gap. 
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Fig. 7. Oscillogram of closing and opening of a circuit- 
breaker rated 30 kV, 600 MVA. 

The opening time of the circuit-breaker was only 0.046 s, thus 
ensuring localization of short-circuit faults as long as short relay 
cperating times are elso employed. 

Ji, J2, J3. Short-circuit currents in the three phases (mean 

12, 
U1, U2, U3. Recovery voltage across three circuit-breaker poles 
(mean 17,500 V per phase). 
The three-phase rupturing capacity is thus approximately 600 MVA. 
1R. Current in damping resistance. 
il. Operating current for closing. 
i2. Operating current for opening. 
sl. Motion of isolating contacts. 
. Pressure rise in arc extinction chamber. 
tl. Closing time. 
t2. Relay time (a standard secondary relay was employed). 
cs, Opening tinie of circuit-breaker. 





tion the damping resistance is cut in where there is any 
tendency of over-voltages to occur during interruption 
of circuits similar to the foregoing (Fig. 6). 


The spark gap and damping resistance only operate 
when rendered absolutely necessary by service con- 
ditions. By careful designs of spark gaps and arc 
extinction contacts the rupturing process has been 
greatly improved, which is very important in case of 
disconnection of power stations under conditions of 
phase opposition. 


GENERAL CONSTRUCTION. 


The circuit-breakers are of the same fundamental 
design as earlier models, and the series connection of the 
arc extinction contacts with visible air break have been 
retained. The main valve is mounted on the air 
receiver from which extinction chambers of all three 
phases are supplied with compressed air. The control 
gear for the series isolating switch is located in a tube 
welded into the receiver and takes up very little space. 
A contol unit mounted on the main valve, contains the 
closing and opening coils together with the circuit- 
breaker control gear. Reliable blocking of the operating 
mechanism in event of air pressure falling too low and 
reliable operation on a momentary impulse has been 
achieved. The ‘‘ pumping ” phenomenon arising when 
a circuit-breaker is switched in under short circuit 
conditions has been solved satisfactorily. By paying 
careful attention to the dimensions of the compressed 
air pipes supplying the isolating switch control gear as 
well as those of the arc extinction and isolating contacts 
themselves, the latter are retarded to such an extent that 
they open off load. 


Fig. 7 shows an oscillogram of a circuit-breaker 
rated 50 kV, 600 MVA, switched in on a short circuit 
and immediately re-opened. A secondary relay used 
for instantaneous tripping, was used to trip the circuit- 
breaker. 


Obsolete oil circuit-breakers are conveniently 
replaced by a floor mounting with all outgoing leads 
leaving at the top. Better use of space conditions is 
achieved by wall or “ truck” mounting if connection 
from underneath is possible. The operating section 
can be separated from the high-voltage by means of a 
mounting plate and providing barriers in the switch 
frame-work (Fig. 8). This ‘allows direct operation by 





Fig. 8. Air-blast high-speed neieheeiee rated 30 kV 600 MVA, with mounting ines, 


High-voltage side. 


Operating side, 
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Fig. 9. Characteristic motion of a main valve. 
alve stroke. 














Fig. 10. Oscillogram showing behaviour of pressure in 
curcuit-breaker air receiver during a rupturing operation, 


i. Tripping current. 
J. Breaking current. 
Uw. Recovery voltage. 
P. Pressure in circuit-breaker air receiver. 


hand, if an attendance gangway is provided to give 
access to the earthed circuit-breaker components. 
Impulse flash-over voltage across open isolating contacts 
and between phases is greater than that to earth. 


MECHANICAL AND PNEUMATIC DETAILS. 

The small valves have metallic seats, for larger ones 
a special moulded material is used. Such valves do not 
stick, even when not operated for long periods. 

The masses of the circuit-breaker are moved with a 
large excess of power. By paying great attention to 
dimensions aud damping devices stresses are kept down 
to a minimum. Spring buffers are used for small 
masses, and compressed air damping devices for large 
moving parts. 

Fig. 9 shows the opening characteristic of a main 
valve with an initial high rate of acceleration so that after 
,006 sec. it has already accomplished the greater part 
of its stroke. From this point pneumatic damping 
effect will be noticed. The valve is brought to a rest 
after a few damped oscillations, avoiding excessive 
impact stresses. 

The arc extinction contacts are of very simple design. 
The moving part consists of a disc of low mass. This 
enables a large contact pressure to be employed, ensuring 
good contact in event of the copper becoming burnt or 
oxidised. 

The air receivers are dimensioned for one single 
opening operation; the compressed air is stored in 
centrally-arranged receivers, and thus the circuit- 
breakers take up a very little space in themselves. A 
non-return valve is fitted in the air-inlet of each circuit- 
breaker, this is so dimensioned that only a few seconds 
are required to fill the air receiver after an operation if 
pipe cross-sections are sufficiently large (Fig. 10). The 
pressure in the central receivers is kept higher and fed 
through reducing valves to the circuit-breaker, the 
resulting expansion reduces the moisture content 
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Fig. 11. Various possible applications of circuit-breakers with 
high-speed reclosing gear in industrial systems. 


A = Circuit-breaker with high-speed reclosing gear only on supply 
side of a transmission line. 


B Circuit-breaker with high-speed reclosing gear on supply 
side, common to several transmission lines. 


C = Circuit-breakers with high- speed reclosing gear at both supply 
and consumers’ ends of a transmission line. 


A is most suitable for simple conditions or where the load is formed 
y small induction motors or is of a thermal nature. 


B comes into consideration when an existing station is required to 
be equipped with high-speed reclosing gear. 


C is adopted when synchroncus machines or very Jarge induction 
motois are also installed at the consumers’ end. 
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Fig. 12. Dying away of short-circuit current of induction 
motors. 


In the case of systems incorporating circuit-breakers with high- 
speed reclosing gear and where provision is made for disconnection 
solely at the supply end it must be remembered that the motors 
feed back into the short-circuit and maintain the short-circuit arc. 
Where small and medium-size motors are concerned the currents 
die away within a few centiseconds, so that the lengthening of the 
de-ionization time is practically negligible. 


1. Motor with output of 500 kW. 
2. Motor with output of 35 kW, 





























8 THE ENGINE 








ERS” DIGEST 


MMMM os. 


DOOIOS 


H—()) 100%" 


Fig. 13. Oscillogram of opening and 
reclosing of circuit-breaker on the 
occurrence of a transient fault in 
the supply line to an industrial 
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UN. System voltage. 

UL. Voltage of transmission line. 

UW. Recovery voltage across circuit- 
breaker contacts. 

j j Ay VEY} 1N. System current. 
VVVVVVVVVVVVVVYV 1M. Tctal current of all motors. 
ANANAARAARAAAAAAARS 1. Beginning of short-circuit. 

VVVVVVVV VV 2. System current interrupted. 


3. Reverse currents of induction 
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CIRCUIT-BREAKERS WITH HIGH-SPEED 
RECLOSING FEATURE. 


In medium voltage networks short circuits are of 
frequent occurrence ; according to statistics about 
75 per cent are arc-overs. Service interruptions due 
to such faults can be avoided by high speed opening and 
reclosing of circuit-breakers. In contradistinction to the 
practice with extra-high-voltage circuit-breakers the 
isolating switch is also actuated during the high-speed 
opening and closing operation. This, however, does 
not entail a longer interruption in supply. To enable 
a second operation an additional air receiver is fitted on 
the circuit-breaker. 


Fig. 11 shows a number of fundamental applications 


60204 


of high-speed reclosing gear in medium voltage systems. 
In many cases high-speed reclosing is necessary only at 
one end of the line. Induction motors feed back into 
the short circuit, until their fields die away completely 
(Fig. 12) ; this process takes place comparatively quickly 
so that, for small and medium sized motors, the delay 
in the de-ionization of the short circuit arc is practically 
negligible. 

Fig. 13 shows the oscillogram of the clearing of an 
arcing short circuit combined with a high-speed re- 
closure of a circuit-breaker in an 8000 V. system. 
After an interval of 0.35 sec., service was resumed 
without difficulty. The current surges of individual 
motors at reclosing were approximately the same as the 
current peaks occurring at the instant of short circuit. 


SIMPLE FORMULA FOR COMPUTING MAGNET COILS. 


By J. STEFFENSEN. 

Tue formula given below can be used in the rather 
frequent cases in which a given numiber of ampere- 
turns is to be accommodated in a given cylindrical 
winding volume, the terminal voltage being also specified. 

The following designations are used: 

d The diameter of the insulated magnet wire in 

mm. 

Dm The mean diameter of the coil in mm. 

N_ The total number of turns. 

R_ The resistance of the coil in ohms at 20 deg. C. 

E_ The terminal voltage. 

I The amperage passing through the coil. 

AV The ampere turns of the coil. 

For the usual type of coil made with magnet wire, 
the resistance of the copper winding at 20 deg. C. is 
given by the expression, 








0.0178. N.7.Dm N Dn 
R= . 10°*=7.1 10° ohm. (1) 
1/4 d? d@ 
E N.E N.E 
or Re —-=-— =-— (2) 
I N.I AV 


Equating equations (1) and (2) it becomes 


(From Elektroteknik Ingenioren, No. 24, April 8th, 1944, pp. 54-55). 


NE 
—— which can also be written: 


N Dn 
ii 10° = 


2 


d = 84 10° jz 
. ee 
E 


The diameter of the wire is seen to be independent 
both of the number of turns and of the space factor, 
provided the mean diameter of the coil is kept constant. 
This surprising result is easily explained when it is 
considered that if the number of turns is halved, the 
resistance will also be halved. At the same time the 
amperage will be doubled, and the number of ampere- 
turns will, therefore, remain unchanged, but the wattage 
is doubled. As was to be expected, the winding volume 
must, therefore, be utilised to the greatest possible 
extent. The method to be employed in determining 
the dimensions of a magnet coil is, therefore, as follows : 
(1) Determination of the wire diameter with the use of 
equation (3) ; (2) Best possible utilisation of the winding 
volume. Where the computed wire diameter does not 
correspond to a size available, the diameter must be 
revised upward, but the specified winding volume must 
not be exceeded, as this would result in a larger Dm than 
originally postulated. 
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By K. O. SCHMIDT. 


THE analytical methods employed in Europe and in the 
U.S.A. for the determination of the most favourable 
diameter ratio of the conductors of coaxial cables do not 
touch upon the aspects of minimum copper require- 
ments but are solely concerned with the question of 
minimum cable size. However, for a given attenua- 
tion, the optimum cable dimensions can be determined 
as follows : 


R /[€ G L 
B=Bra+Po=—>~ [—-+— /—..  .. Wd) 
2 E 2 Cc 


where fz is a function of the resistance R of the con- 
ductors, while the factor of attenuation Bg is determined 
by the insulation chosen. With the high grade in- 
sulating materials used in present day practice, the 
second member of equation (1) can be neglected so that 


R R - 
ee ec (2 
2Z 2 L ) 


The values for the resistance R, the inductance L, 
and the capacity C are dependent upon the physical 
dimensions of the conductors of the coaxial cable. In 
the case of high frequencies they can be expressed by 


R = 4.18 10° \/F (1/ra + 1/ry) Ohm/km. (3) 


B ~ Br = 


6.66 
L= [2 loge (r»/ra) + —— (1/ra + 1/rv) 10-* H/km. (4) 
Vf 
er 10° 
C= —————— Fikm. ae (5) 
18 loge (rv/Ta) 
where f is the frequency in Hertz, ra is the diameter of 
the inner conductor and ry» is the internal diameter of 
the outer conductor, while e, is the resultant dielectric 








constant. By substitution, equation (2) takes the form : 
4.18 x 10° / f €r (ra/ry +-1) 
Br = Nikm. .. (6) 
12 ry loge (r»/Ta) 
Ver.pa.fx (rita) + V Po/Ta 
or Bg = ; N/km. (7) 


12 rp 


where pa is the specific resistance of the inner and pp of 
the outer conductor. Denoting the total cross-sectional 
area of inner and outer conductor by Scu and the in- 
dividual cross-sectional areas of inner and outer con- 
ductors by S; and S, respectively, we obtain : 


Seu = S; + Sa = tr d?/4 + 7 (D + t) Ry ace (8) 
where t is the wall thickness of the outer conductor, d is 
the diameter of the inner conductor, and D is the in- 


loge (rp/Ta) 


ternal diameter of the outer conductor. Making d = 
D/x, then 
Sou = 7(D/x)?/4+m7(D+t)t.. he (9) 


and by introducing (9) into expression (7) we have 
Verpa.fx.D/d + V po/pa 





D = = kH/p (10) 
6 B loge (D/d) 
jee i" 
where k= eee (11) 
6 
(D/d) + V pv/pa 
and where H = (12) 





loge (D/d) 
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DETERMINATION OF THE OPTIMUM DIAMETER RATIO OF THE 
CONDUCTORS OF COAXIAL CABLES. 
(From Elektrotechnische Zeitschrift, Vol. 65, Nos. 17/18, May, 1944, pp. 170-173.) 


is the coefficient of attenuation. 
By introducing x = D/d into eq. (12) and assuming the 
two conductors to be of the same material (pa = pp»), then 


x+1 
H = —— ae a xs @) 
loge x 


By substituting in eq. (9) the expression for D (eq. 10), 


tr k? 
Seu —_ 





(A/x)? + wt (RH/B +t) .. (14) 


2 


and by differentiating it becomes 
dSeu Roz (k (x + 1) 








= (— loge x—x—1) + 
dx B loge? x .x (2B x? loge x 
t (x loge x—x—1) (15) 


By solving this equation for x, the optimum diameter 
ratio of the “‘ ideal cable ”’ is obtained. Where an outer 
conductor of the helical (wound) type and a lead 
sheathing or a steel wire armour are employed, the 
increased attenuating effect of the outer conductor must 
also be taken into account. In the case of a cable 
equipped with copper conductors and furnished with 
lead sheathing, the coefficient H can be obtained by 
modifying equation (12) thus : 


Did + V pv/pa + (/ po/pa + V/ pul pa) cot? % 
H= (16) 
loge (D/d) 


Here pu is the specific resistance of the lead sheath and 
a is the pitch of the helix of the outer conductor. 


Making 
|v Pb pu 
— + — + — }|cot?a=p .. (17) 
Pa Pa Pa 


(x+p 








the coefficient of attenuation is H = (18) 
loge x 


and the expression for the cross-sectional area of the 
conductors of the coaxial cable therefore is given by 


7 —{ (x + p) - (x +p 
Seu Ce 
4.8 





) | 19) 
Blogex +t if 


The wall thickness of the outer conductor as ob- 
tained from eq. (14) and (19) characterises the amount of 
material required for the two conductors, and thus also 
yields the optimum ratio of the respective cross- 
sectional areas of the two conductors for constant 
attenuation. The wall thickness t cannot therefore be 
made less than the depth of penetration of the current at 
the frequency concerned. Vice versa, it is not per- 
missible to decide on a certain wall thickness without 
taking the frequency into consideration. In the case 
of high frequencies, 8 cannot therefore be considered as 
constant if the wall thickness of the outer conductor is 
appreciably larger than the depth of penetration of the 
current, so that further increases in wall thickness must 
fail to reduce the attenuation. 


So far only the copper section has been taken into 
consideration, but any increase in the cable diameter will 
be attended by an increase in the cross-sectional area 
of the lead sheath, as well as of the armour, Additional 


(x loge x) . Tt. 
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material would also be required for the shield and the 
insulating paper; but for the sake of convenience of 
computation, these increases may be neglected. The 
material required for the lead sheath is taken into ac- 
count by introducing the conversion coefficient 


yeua 





W = » where yeu and ypp are the respective 
yen 6 

weights of copper and lead, and a and b are the respec- 

tive costs per kg. of these materials. The total cross 


sectional area is found as 


S’tot = Sou W +4 Spp oe ee (20) 
Spp 

or S" tot = Seu + — oe ee (21) 
W 


where S’tot or S”’tot is the equivalent total cross- 
sectional area of the cable, and Sp» is the cross-sec- 
tional area of the lead sheath, the latter being given by 

pb = 7 Am .. (22). Here 4m denotes the 
thickness of the sheath in mm., and Dp» is the mean 
diameter of the sheath. The latter will depend upon 
the cable design chosen; it generally equals D + U, 
where U is a function of the wall thickness of the outer 
conductor, of the thickness of the screen, and also of 
that of the paper interlayer. U also depends upon the 
thickness of the sheath itself according to 


k (x+p 
Spy = 7 4m - ——+U ] oe (23) 
B  logex 


By differentiating the equation which expresses the 
total metal requirements in terms of copper, we obtain 


dS’ tot kia [k(x +p) (—p logex —x—p) 
2 Bx? logex 





dx B loge? x.x 
Am 

ae (= a ') (logs — 3 | + (24) 
W 


The corresponding expression in tetms of lead is 
dS" tor k.v | RW (x + p) (—p logex — x —p) 


dx B.loge*x.x L 





2B x? loge x 


+(W t+ Am) (x loge x —x -»] (25) 


These equations can be used to determine maximum 
values of x, which indicate the most favourable ratio of 


cross-section of conductor 





{——> 


Fig. 1. Coaxial cable of ideal construction. 
Conductor cross-sectional area versus Did = x, with B = 0.15 
p/km. = const., f = 106 He, €r = 1.1. 


the conductor diameters in consideration of the amount 
of lead required for the sheath, and also in consideration 
of the additional losses induced by the helical shape of 
the outer conductor. As a strict solution for x would 
prove a rather difficult undertaking, approximate 
solution by the graphical method is to be preferred, 
particularly as this method combined simplicity of 
execution with satisfactory accuracy. 

The possible savings in copper which can be ob- 


D 
tained by choosing the optimum value for x = — 
d 


are exemplified by Figs. 1 and 2. The computation of 
an “ ideal’’ coaxial cable with an attenuation of B = 
0.15 Np per km. at a frequency f = 10° Hertz, with a 
dielectric constant er = 1.1 and a thickness t = 0.7 mm. 
of the outer conductor, yields a value of x = 3.6. 
Fig. 1, however, shows that actually the minimum re- 
quirements of copper occur at a point which corresponds 
to a value of x = 5.83, the ratio of the cross sectional 
areas of the conductors being equal to 1.15. Con- 
sidering a cable of ‘‘ ideal’? construction with B = 
0.15 Np per km. at a frequency of f = 10° Hertz, and 
with e, = 1.1 and t = 0.35 mm., the optimum point is 
seen to lie at x = 7.06. This value is seen to call for a 
cross-sectional conductor area of 28.73 sq. mm. as 
compared to a value of 38.55 required for the “‘ ideal ” 
cable. The saving in copper therefore amounts to 


38.55 — 28.73 
= ——— 100 = 34.1 per cent. 
28.73 


The chart given in Fig. 2 takes into consideration the 
cost of the sheath as explained above. It is seen that for 
a value of t = 0.5 mm., the optimum point corresponds 


to a ratio of x = — = 5.15 as compared to the ratio of 
d 
D 
x = — = 3.6 computed for the “ ideal cable’ on the 
d 


basis of the methods of computation employed abroad 
(i.e., in the U.S.A. and in Germany—The Editor). 
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Coaxial cable with lead sheath. 
Variation in total cross-sectional area of conductors and sheath as 


Fig. 2. 


Np _ = const., f = 


106 Ho, 
» &= 80 deg. 
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A NEW WOOD-FILLER-ENRICHED PHENOLIC PLASTIC-MOULDING MATERIAL. 


By Prof. Dr.-Ing. R. NITSCHE, Berlin-Dahlem. 


EXPERIMENTS to develop a new plastic-moulding material 
consisting of 25 per cent phenolic or cresolic resin 
maximum and coarse (sawdust) wood filler brought 
practical results. The new material has been enrolled 
into the list of standard moulding powders. In the 
following, properties of this material are discussed 
especially in comparison with existing standard powders. 

The resin content of standard moulding powders is 
40-50 per cent, all earlier experiments to reduce this 
content were a failure, because the properties of the 
material were behind those of the commercial standard 
powders. Due to war economy measures a series of 
new materials with enriched filler content have been 
introduced and it has been decided to establish a new 
standard specification for this type, in which the resin 
content should not exceed 25 per cent, and the wood 
filler must not be fine flour as used in general purpose 
materials. Coarse particles or sawdust are to be used 
as standard fillers. This material in the German speci- 
fication is known as Type 41. 

At the Testing Institute, Dahlem, 44 different 
materials were tested. 

DETERMINING THE RESIN-CONTENT BY 
THE ACETONE-EXTRACT METHOD. 

As the resin content of the new powder is limited 
to a maximum of 25 per cent, the first test was to check 
this content. The test was carried out according to the 
German standard specification and with the “‘ Grafe ”’ 
apparatus, and was found to be in accordance with the 
specified figure, only in single cases was the acetone 
soluble content higher, i.e., up to 35 per cent. After 
hardening and repeated extraction there remained 
approximately 13 per cent of incurable soluble content, 
the reason for which could not be ascertained. The 
results are shown on Table I. The maximum resin 
content has now been specified at 28 per cent for the 
standardised material. 

MOULDABILITY. 

For easier substitution of the standard powders by 
the new material, tests have been carried out to ascertain 
whether the material can be used with existing tools and 
moulding methods. 

The pelleting properties generally are not satis- 
factory and the bulk factor of the new powder will have 
some influence on succesful application. It has been 
found that the bulk factor is a little below that of the 
powders with chopped cellulose fillers, but is twice as 
large as the bulk factor of the general purpose material. 
By using tools made for general purpose materials some 
difficulties have to be overcome when they are used 
with the new powder. 

The shrinkage is important too, when using existing 


(From Kunststoffe, Vol. 33, No. 4, April, 1943, pp. 97-102). 


on 5 mm. thick test pieces—is rather above that of 
cellulose filled standard powders, but a little below the 
shrinkage of general purpose material. The figures 
are given in Table I. 

It can be expected, therefore, that where no special 
accuracy is required, no difficulties are anticipated by 
using existing tools. 

The flow of the powder is of greater importance 
than shrinkage and bulk factor. There is no standard 
method of testing the flowability of the materials, but 
for comparison purposes flow-resistance, flow-time 
diagrams have been plotted as shown in Fig. 1, for the 
following powders 

Wood enriched ‘filler (25 per cent) resin. 

General purpose powder (wood filler) soft. 

Cellulose filled M.S.R. powder. 

Mineral filled powder extra-soft. 

Experiments have been carried out on a 60 t. press 
with a single impression tool, comprising a 60 mm. high 
box with gradually increased wall thickness. The tool 
was not chromium plated. Registering instruments 
were used for the flow-time diagrams and pressure was 
fixed at 3.9 t.p.s.i., at 160 deg. C. As shown on the 
diagrams the pressure which is required to overcome 
the flow-resistance is gradually increasing and after a 
certain time, when the powder is heated and becomes 
plastic the pressure is near to the minimum. In the 
hardening, the pressure increases towards the maximum. 
The flow of the new powder is generally better than that 
of the cellulose filled M.S.R., but obviously soft powders 
have an easier flow. 

To prove the flow properties of the new material in 
practical production a sample moulding is shown (Fig. 
2). Under exactly the same moulding conditions a 
low-flow cellulose filled powder resulted in the moulding 
shown in Fig. 3, in which the side walls of the 1 mm. 
thick box are not filled because the powder did not flow. 


MECHANICAL PROPERTIES. 

For testing the electrical, mechanical and physical 
properties, standard test- -bars were moulded. The 
powder was preheated at 70 deg. C. for 30 min., the 
pressure was 2.58 t.p.s.i. at 160-165 deg. C.; curing 
time 10-15 min. 

The bending strength is a little below that of general 
purpose material and practically equal to the cellulose 
filled material. Tensile and compression tests were not 
carried out, but itcan be genciar p 
assumed that these 
values are identical or 
near to those of the 
M.S.R. cellulose filled | 


woou enficneu 


(25% resin) 





























tools. It has been found, that this shrinkage—measured materials. 

TABLE I. PROPERTIES OF WOOD-ENRICHED, PHENOLIC MOULDING POWDERS AND PLASTIC 

MATERIALS. 
| Number of Measured Calculated Mean Specific —: 
Tests of | | min. max. min. max. | aver- for Type 
single average value age 
tests or a single value of test (standard) powder with chopped 
i a cellulose filler. 
Resin content °% fof —_— _ — — 20-25 . 
Aceton soluble | | | } 
content % cs 19 | 38 _ —_ 22.1 | 35.0 26.9 28 

Shrinkage % .. a 18 | 324 0.42 0.79 0.45 0.73 0.56 | — 
Bulk factor ne ae 23 69 _ _ 2.45 6.70 4.00 _— 
Specific weight ea 44 132 — = 1.30 1.50 1.38 1.45 
Bending strength | 

kg. cm2. re ae 44 220 460 1100 | 530 1070 | 730 600 
Impact strength 

cmkg./cm2. . aS Ad 220 39 | 953 | 43 8.4 6.1 5.0 SS 
Impact strength of t “- 
notched a ae | 44 220 | 25 5.8 2.7 5.6 40 | aS ws flow resistance 
Dimensional stability | oy, ; 

eg. | 44 | 132 | 66 137 | 67 | 135 | 103 | 90 Ca eerie 
eer — | | | | H Fig. 1. Flow-resistance, , flow-time 
a. f us plastic-mouldin: 
mg. /cm2. 44 | 132 — | — 120 | 154 | 5.0 7 diagrams 0 peter gy . 
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powder filled Ph ct meg soft 
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Fig. 2. Moulding of 
wood enriched 
plastic material. 


Fig. 3. Moulding of 
low-flow cellulose 
filled material. 





There are no results regarding fatigue and endurance 
strength, hardness and resistance to wear, and it can 
be expected that these properties will be slightly below 
those of the M.S.R. material. 

The impact strength is also a little below that of 
general purpose material, but the impact strength of the 
notched bar is considerably better, mouldings with 
uneven wall thickness especially, are stronger against 
impact when made from the new material and compared 
with general purpose powder. 

It is obvious that the impact-strength properties 
are of great significance for the new material. It can 
be stated that, in all cases where impact resistance is 
required and no water or humid conditions are to be 
expected, the application of the new material in com- 
parison with general purpose powder, will result in 
improved quality of the products. 

THERMAL PROPERTIES. 

Heat tests have been carried out according to the 
Martens method and the results are below those of the 
other powders. It can be expected that there will be 
no distortion up to 90 deg. C. The burning rate is 
practically identical with the wood or cellulose filled 
material. The thermal-physical coefficient for heat 
conduction, specific heat, etc., has not been established yet. 

ELECTRICAL PROPERTIES. 

The surface resistance is only slightly below that 
of the general purpose material in spite of the reduced 
resin content. Whether this favourable result will be 
proved under practical conditions will depend on long- 


term tests. 
WATER RESISTANCE. 
One of the significant properties of the new material 
is its resistance to water. Up to the present there are 
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Fig. 4. Water 
absorption of « 
wood _ enriched 
powder in com- 
parison to the 
absorption of 
cellulose filled 
powder and of 
general purpose 
powder. 





water absorption 
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[e) 
days immersion in water 


no standard specifications regarding water resisting 
properties of moulding powders. This property of the 
new material, however, creates an exception, its water 
resistance is below all standard powders owing to the 
reduced resin content. Fig. 4 shows the water re- 
sistance in comparison with other materials: after 8 
days immersion in water the absorption was 2 per cent 
and a volume distortion of 1 per cent may be expected. 
The new material should not, therefore, be applied 
where dimensional stability is required under humid 
conditions. 

There are no figures available on the resistance of the 
new material to water and acids, but it is expected to be 
below that of standard moulding powders. 


STANDARDIZATION. 

Based on the experiments and tests the new powder 
has been standardised, and its properties specified as 
shown in Table I, This was necessary in order to 
avoid competition with other standard powders, the 
properties of which have been standardised according 
to their ingredients and composition. 

APPLICATIONS. 

Generally the powder may be used, as a substitute 
for M.S.R. powder and powders with chopped cellulose 
fillers. The tools and presses can be used without any 
changes, and it can be expected that the introduction 
of the new powder will result in satisfactory substitute 
products so far no water resistance is required and no 
heat resistance above 90 deg. C 

The fact that resins can be saved and improved im- 
pact strength is obtained will make it possible that the 
new material will not be regarded only as a provisional 
substitute, but as a useful standard material for certain 
applications. 


OF INDUSTRIAL 


POWER PLANTS 


By H. KELLER (E.G.W.). 


Many industrial undertakings have installed private 
steam power plants to meet their energy requirements. 
This applies particularly in cases where, apart from 
electrical energy, process steam or hot water is also 
required. As business and in consequence production 
increases, however, works have to be gradually ex- 
tended until finally additions to the power plant are 
also found to be necessary. 

Within a certain output range Brown Boveri turbines 
are extremely suitable for such extensions. Due to 
their small dimensions space can generally be found for 
them in the existing engine room, thus avoiding the 
expense of building works. They need little attention 


and can be readily adapted for parallel operation with 
other prime movers from a mechanical, electrical, and 
steam point of view. 

The following details exemplify how the output of 
an existing plant can be substantially increased and its 
economy enhanced in a simple manner. 


From The Brown Boveri Review, Vol. XXXI., 


No. 3, March, 1944, pp. 126-127. 


A reciprocating steam engine of about 100kW and 
an existing hydro-electric plant proved to be incapable 
of meeting the increased demands of the works for 
electrical energy. Since, however, the reciprocating 
engine was not able to meet the full process steam re- 
quirements, the owner of the works hit on the idea of 
expanding the necessary additional steam from the 
boiler in a turbine instead of in a reducing valve, thus 
increasing the production of electrical energy.—The 
reciprocating steam engine of about 100kW drives an 
alternator rated 180kW through belting, so that the 
alternator has hitherto never been fully utilized. The 
output of the turbine is now also transmitted to the 
existing alternator through belting, the reciprocating 
engine and turbine thus both driving the same alter- 
nator in parallel. The exhaust steam of the turbine 
with a pressure of 1.2kg/cm? abs is also used for pro- 
cessing purposes. The maximum available output of this 
steam power plant has thus been raised from 100to 180kW. 
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TYRES AND TYRE PRESSURE. 


By Dr.-Ing. H. P. ZOEpPRITZz. 


(From ATZ., Automobiltechnische Zeitschrift, Vol. 45, No. 13, July 10th, 1942, 


pp. 353-359), 


RELATIONS between tyre and tyre pressure have pre- 
sented an important problem during recent years and 
especially since the outbreak of war. Now it has become 
necessary to consider power consumption as well. 
Tyres had been developed chiefly with regard to im- 
proved elasticity and resilience, the modern standard 
low-pressure tyre having been designed for vehicles used 
on average roads and in traffic where the maximum 
speeds are little over 100 km. hr. 

For war purposes tyres have to fulfil a great variety 
of tasks, each of which really requires a special type. 
On bad roads and for cross-country work the tyre must 
have great elasticity ; on highways it must withstand 
maximum speed with low rise of temperature ; on 
desert sand and soft ground it must not sink in, which 
means that it must have a low specific ground pressure. 

It is obviously impossible to embody all these re- 
quirements in one type, and neither is it possible to 
equip all military vehicles with cross-country tyres, nor 
to change cross-country tyres, when fitted, for normal 
ones on approaching highways. It becomes necessary, 
therefore, to adapt, as far as possible, a standard tyre 
which will permit of high speeds and cross-country 
work. To-day, there are new methods which consist 
of adapting tyre pressure to vehicle speed and to ground 
characteristics, which give the desired result. 

A measure of the loss in a tyre is the coefficient of 
rolling resistance, i.e., the resistance of a towed wheel 
divided by the wheel load. [1], [2], [3]. Fig. 1 shows 
a08 graphically the results 
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out on a normal 5.50 

16 Buna tyre, ob- 
tained with a plane 
surface testing ma- 
chine. The decrease of 
rolling resistance with 
| increasing pressure is 
3. very noticeable. These 
| curves were recorded 
| from a drum type test, 
| the drum being 1.7 m. 
dia. The differences 
are explained by greater 
| deflection and internal 
| | | losses in the drum test 
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VELOCITY face machine. 
Fig. 1. Rolling resistance ona plane sur- 
face and on a drum of 1.7 m. dia. Tyre 
5.50 x 16 Buna. Load 360 kg. 
tics a sad 


| 





Testing installation with plane rolling surface. 
The plane surface testing machine shown in Fig. 2 
is the first of its kind. The tyre rolls on an endless steel 


Fig. 2. 


belt, supported, where the tyre rolls, by an air-lubricated 
bearing plate. Tests carried out a year ago are very 
satisfactory compared with actual road tests and are 
much better than tests carried out on drums. 

The deflection of the tyre generates heat ; at higher 
pressure there is less deflection and consequently a 
smaller rise of temperature [4]. Fig. 3 gives the result 
of tests on a normal low-pressure tire after reaching 
equilibrium. ‘Temperatures were measured with a 
needle-instrument [5] at depths of 10 mm. and with a 
mercury thermometer on the surface. 
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INSIDE PRESSURE 
Increase of tyre temperature at various internal 
Tyre 6.00 ~ 16, Load 450 kg. Running time 2 
hours in each case, speed 100 km. hr. 


Fig. 3. 
pressures. 


Heating has a bad influence on the life and wear of 
the tyre. On the profile surface it increases wear, as 
the rubber becomes softer and the internal heating is 
particularly undesirable, as heat transfer through the 
tyre wall is poor. Due to internal heating at high speeds 
and low pressures, either the cover or the tube may be 
destroyed and the tube may burst, or the cushion layer 
between cord and rubber may become soft. At the 
pressure increases with temperature rise the rate of heat 
generation is reduced, which, to a certain small extent, 
creates a compensation. The bursting of hot tyres, 
which sometimes occurs after long runs, is due not to 
the pressure increase but to a weakening of the tube and 
cord by overheating. In most cases this is caused by 
insufficient pressure. 

For the giant tyres of lorries the relations between 
pressure, rolling resistance and heat are not so simple, 
and the influence of these factors is within narrow limits. 
Nevertheless, a 20 per cent increase in pressure lowers 
the rolling resistance and the heating to the same extent. 

Tyre pressure characteristics, influence pressure 
between the tyre and ground on the contact surface, as 
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Fig. 4. Section of tyre with profile disconnected from cord. 
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well as the distribution of the shearing forces. From 
[6], and later Martin [7], have proved that pressure 
distribution is neither uniform nor parabolic, but shows 
an inflexed characteristic. During investigation on tyre 
wear carried out for the Reichs Transport Ministry 


Fig. 5. Device for measuring ground pressure. 


these facts were ascertained by Martin for static condi- 
tions and have been measured dynamically in the 
Stuttgart Institute. 


The tyre was rolled over a measuring table (Fig. 5) 
in the centre of which was placed a pressure gauge. Fig. 
6 shows the distribution of the vertical pressure. This 
test was made with a tyre from which the profile had 
been removed. Fig. 7 shows the cross-section and 
pressure distribution diagrams for such tyres. The 
tyre (Fig. 7b) has much more uniform pressure distri- 
bution curves. This has great influence on the regular 
distribution of wear over the various parts of the profile 
and becomes especially evident when distribution and 
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Fig. 6. Vertical pressure on ground on the contact surface 
of a tyre without profile during rolling. 











Figs. 7a (left) and 7b (right), Specific ground pressure a) 
various inner pressures. : 


Fig. 8. Shearing forces on the contact surface of a tyre 
during rolling, tyre axis parallel to direction of vehicle 
movement. 
magnitude of the shearing forces are taken into account. 
In Fig. 8, for the sake of simplicity, results from a tyre 
without profile are shown and which runs true in the 
direction of vehicle movement. 


The forces act symetrically with the profile centre- 
line if the tire rolls in the direction of the vehicle move- 
ment. If, as a consequence of towing, steering, or other 
influences, the tyre rolls in a direction making an angle 
with the direction of the movement (Fig. 9) this sym- 
metry is disturbed and there is rubbing which causes 
uneven wear. [8] 


The gradual reduction of tyre pressures, carried out 
over a period of years to increase suspension charac- 
teristics, has a most unfavourable influence upon rolling 
resistance, heating and distribution of ground pressure, 
all of which are important for power consumption and 
tyre wear. A change in these mutual relations is im- 
possible with the present designs of tyres. Pressures 
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Fig. 9. Shearing forces on the contact surface of a tyre 
during rolling, tyre axis slightly inclined to direction of 
vehicle movement. : 
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Fig. 10. Spring characteristics of a 6.00} 16 tyre at various 
inner pressures. 

must, therefore, be increased, which is limited only by 

the reduction of suspension characteristics, as illus- 


; trated in Fig. 10. Doubling the tyre pressure reduces 


the resilience to 65 per cent of its original value, suf- 
ficient on a first-class road, but on bad roads, or on 
cross-country work, chassis or spring failures may 
occur. A tyre with high pressure also hasa tendency 
to bounce on pitted roads and thus its adhesion is re- 
duced. On the other hand, increase of pressure has 
the advantage of greater safety at high speeds, because 
the lateral stabilizing forces increase (Fig. 11). Best 
results are obtained by carefully adapting pressures to 
ground conditions and vehicle speeds. 


The continual adaptation of pressure requires in- 
creased care and attention by the owner or driver of 
the vehicle, as it must be done with the equipment on 
the vehicle or by a service station equipped with a 
compressor. ‘To overcome these difficulties the Stutt- 
gart Institute has developed a tyre pressure regulating 
plant which is permanently fitted to the vehicle. = 
its aid, it is possible to change the pressure by simp 
operatinga button on the dashboard [9], [10]. (see fig. DY 


It remains now for designers to adapt lay-out of 


Fig. 12. 


Tateral stabilizing torce S 


coefficient of friction 4.0.77 


2 3 4 5 
angle ofobliquity Y 


Fig. 11. Lateral stabilizing forces of a 6.00 x 16 tyre at 
various internal pressures and various loads. 
suspensions and shock absorbers to meet the changed 


requirements. 
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Diagrammatic arrangement of a modern motor vehicle showing tyre pressure regulating apparatus developed 
by the Stuttgart Institute. It will be noted that the pressure in the spare tyres is also regulated from the 
dashboard. 


Compressor 

Clutch 

Water trap 

Tyre pressure gauge 


(e) Automatic regulating valve 
(f) Distributor 

(g) Stuffing box 

(h) Stepped valve. 
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DEFORMATION AND STRENGTH OF METALS SUBJECTED ‘TO 
LONG-PERIOD STRESS. q 
By A. THuM and K. RIcHARD. (From Zeitschrift des VDI., Vol. 87, No. 33/34, August 21, 1943, pp. 513-520). 


THE tensile strength and yield point of steels, metals . 


and other materials are dependent upon the temperature 
at which they are tested. Thus, mild steels exhibit an 
increase in tensile strength with temperatures up to 
250 deg. C., with an attendant decrease in elongation 
known as blue brittleness; any further increase in 
temperature leads to a steady loss in strength accom- 
panied by correspondingly increased deformability. 
Strength properties are not, however, variable with 
temperature alone, but also, with the length of sub- 
jection to load. Likewise, the yield point is known 
to be dependent upon the rapidity with which the tensile 
load is applied, whilst no fixed relationship for the in- 
fluence of this rate of load application upon elongation 
and necking or reduction of area could as yet be estab- 
lished. 

As the ultimate tensile strength obtaining at room 
temperature and less generally differs but little from 
corresponding values of long-period strength, the time 
factor can nearly always be neglected. In steels, how- 
ever, this factor comes into play when a temperature 
of 300 deg. C. is reached, and attention must be given 
to this when carrying out tensile tests at elevated 
temperatures. 


CREEP PROPERTIES. 

While mild and medium-hard steels exhibit a marked 
yield point when tested at room temperature, the yield 
point becomes less clearly defined as the temperature 
is increased ; it is, therefore, replaced by the 0.2 per cent 
definition of the yield point. But this definition loses 
its significance at temperatures above 350-400 deg. C., 
with the steel exhibiting the phenomenon of continual 
creep under load. 

That after-effects can occur even at room temperature 
is shown by the elastic recovery observed with springs, 
which is attributed to the internal friction of metals. 
In R. W. Bailey’s opinion, the process of creep is cha- 
racterised by three distinct and successive stages. In 
the first, strain hardening leads to a gradual decrease 
in the rate of creep; while a constant rate of creep 
obtains in the second stage because of the opposing 
influences of strain hardening and loss of strength. In 
the third stage, the loss of strength prevails and causes 
the creep rate to increase again, finally leading to failure 
as indicated in Fig. 1. A contributory factor to in- 

FRACTIRSD : creased creep rate 

in the third stage is 

found in the fact, 
that, in spite of a 
constant loading the 
specific stress in- 
creases. This in- 
crease is due to the 
reduction of area 
caused by the pro- 
gressive elongation 
of the material. 
Creep acceleration 
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Fig. 1. Time-elongation curve according 


in the third stage 
can, therefore, by 

to Bailey. practically sup- 
pressed by effecting a proportionate diminution in 
tensile load as the reduction in area proceeds. 

H. J. Tapsell considers that creep is a plastic de- 
formation, which may be caused within the grain by 
slip under the influence of shear, and also by boundary 
movement external to the grains. K. v. Hanffstengel 
and H. Hanemann* also assume the possibility of the 
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* Z. Metallkunde, Vol. 29, 1937, p. 50; Vol. 30, 1938, p. 41. 


occurrence of movements within the crystal during the | 
periods of plastic recovery or recrystallization. Inter. | 
crystalline slip will naturally result in larger visible | 
deformations than boundary movement. 


Disregarding the occurrence of precipitation pheno. | 


mena during the time of loading, the course taken by 
the process of creep will depend mainly upon the tem- 
perature level and the magnitude of stress which pre. | 
vails. If, at a given temperature level, plastic re./ 
covery or recrystallization of the grains cannot yet take | 
place, the gradually developing strain hardening can be | 
assumed to reduce crystal slip to an infinitely small 
amount, provided the stress is not too high. Higher 
stress will, however, result in a larger initial deformation, | 
and with it a greater slip in the crystal. This in turn | 
will lead to a larger reduction in area and anincrease in | 
specific stress per unit of sectional area, and may result | 
in fracture. 

With increased temperature, crystal recovery or | 


recrystallization will become more pronounced. Their |~ 


beginning, however, is not tied to any fixed and in- | 
variable level of temperature, but is largely brought 
about by the deformation already suffered and by the © 
stress prevailing, while load duration will probably be © 
another influencing factor. In the lower temperature | 
range of crystal recovery only, an increase in stress will | 
lead to softening or to grain re-formation. Where this 
occurs, it will cancel out the effect of strain-hardening |” 
and will thus prevent the cessation of creep in the grain. 
But if the stresses are fairly small, strain-hardening will 
take place, at least partly, theréby gradually reducing 
the slip to zero. If the temperature level is raised still 
higher, even a small stress will cause a continual re- 
crystallisation, so that, an eventual cessation of crystal 
creep cannot be expected. Fractures occurring, sub- 
sequent to inter-crystalline slip, are, therefore, precedep 
by a large deformation. On the other hand, brittleness 
of a material is the outward manifestation of the fact 
that, where fracture occurs, it is due solely to a boundary 
movement unattended by simultaneous slip in the 
grain. 

The relative strength possessed by grain boundary 
and by the grain itself will be decisive upon the nature 
of fracture when this occurs. At room temperature 
the preponderant boundary strength of steel results in 
a transcrystalline fracture. At elevated temperature, 
failure will be intercrystalline because of the relatively 
greater strength of the grain. An equi-cohesive tem- 
perature must, therefore, exist in which grain and grain 
boundary display equal strength. While precise data 
are still lacking, H. Staeger and H. Zschokke* assume 
that most ferrous alloys are in equi-cohesive state and 
within the range of 400-500 deg. C., the lower part of 
the range apply to plain carbon steels, the upper part 


“* Schweiz. Techn. Zeitschr., Vol. 4; 1932, Pp. 333. 
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to heat-resistant steels. The influence of temperature 
upon relative boundary and grain strength is shown in 
Fig. 2 for both short and long-period strengths. Below 
the temperature t,, all fractures are transcrystalline, 
while intercrystalline fracture always takes place with 
temperatures in excess of t,. Between these tempera- 
tures, either intercrystalline or transcrystalline fracture 
may occur, with the actual type of fracture depending 
upon the magnitude of stress, and with it upon the 
Within this range, boundary 
strength excels with short period load, while crystal 
strength excels with prolonged stress; the line A-B, 
connecting points of equal service life for grain and 
boundary, constitutes the curve of equal strength. 
Extending, as it does, from point B characterising long 
period strength at temperature ¢, to point A showing 
the short-period strength at the higher temperature ?,, 
this line is seen to traverse a range of progressively 
shortening time-to-fracture strength. Intercrystalline 
fracture can, however, be brought about even at tem- 
peratures somewhat below the equi-cohesive range fg if 
two or three-dimensional stresses are present, or if the 
danger of slip is diminished by a non-uniform stress 
distribution. Such a shift of the equi-cohesive tem- 
perature limit may be due to internal or external notch- 
effects, and in this case also fractures with considerably 
decreased deformation may take place. It will be seen 
that a change from grain boundary movement to internal 
crystal slip can fundamentally alter the strength pro- 
perties of a given material, and particularly so in the 
service state of the structural part. 

Grain structures showing the types of fracture 
possible under static load are given in Figs. 3-5. Fig. 
3 indicates transcrystalline fracture subsequent to 
crystal slip with temperature either within or below the 
equi-cohesive range. The structure shown in Fig. 4 
exhibits intercrystalline fracture with the grains still 
showing considerable deformation. The latter is 
absent in Fig. 5, which reveals intercrystalline fracture 
unpreceded by grain deformation, or subsequent upon, 
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Fig. 3. Transcrystalline fracture with preceding crystal 
deformation. 


Intercrystalline fracture with preceding crystal 
deformation. 


Intercrystalline fracture without preceding crystal 
deformation, or after re-crystallisation. 


STRENGTH CHARACTERISTICS IN THE 
CREEP RANGE. 

Regarding the range characterised by the occurrence 
of creep, the true limiting creep stress of the material 
is defined as the maximum stress can be carried for an 
infinite length of time without fracture. Stresses 
exceeding this maximum permissible loading will 
eventually lead to fracture, the actual time-to-fracture 
decreasing with increased load. According to E. 
Siebel,* all specific loadings exceeding the true creep 
limit are termed time-to-fracture strength. This in- 
terrelationship, between time-to-fracture strength and 
the length of time to which it refers, can be expressed 
graphically by the establishment of a characteristic 
curve which can be considered as the static load equiva- 
lent to the S/N characteristic expressing fatigue strength 
under dynamic loading. 

_ Prolonged tests recently conducted with heat re- 
sistant steels at 500 deg. C. have shown that true limiting 


Fig. 4. 


Fig. 5. 
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Fig. 6. Load-time-to-fracture of various steels at 500 deg. C. 
creep stress is not reached even with tests extending 
over several years. This can be seen from Fig. 6, where 
the stress-time-to-fracture characteristic still displays 
a failing tendency after as much as 25,000 hours of 
loading. Should the slope of this curve remain constant 
for several decades, it will show that true creep limit 
has not yet been attained in spite of the extended dura-, 
tion of loading and that true limiting creep stress will 
then be of no interest to the designer. Should this 
assumption be proved correct, then the concept of so- 
called creep limit determined by standardised test pro- 
cedure (preliminary DIN standard DVM test procedure 
A 117/118) will cease to be applicable, and will need 
to be replaced by data established in consideration of 
required service life. For this purpose the time- 
strength relationship curve must be known. In steels, 
this will probably be of importance where temperatures 
above 400 deg. C. are concerned. Thus, it is seen that 
within the temperature range in which creep occurs, 
the design dimensions, satisfactory from the economic 
aspect, must frequently be determined on the basis of 
time-to-fracture values. In the past, this point has 
nearly always been completely neglected. 


THE DETERIORATION CHARACTERISTIC. 

The application of stresses exceeding the true 
limiting creep stress leads not only to ultimate fracture, 
but also causes a gradually developing damage to the 
structure of the stressed material while still withstanding 
the load, with a consequent loss in strength. Where 
design dimensions are to be determined on the time- 
stress-to-fracture basis, considerations of safety demand 
a knowledge of the nature of the damaging effect as such, 
and of the manner in which the damage proceeds. 

The limit condition which characterises incipient 
damage is represented by the damage line or deterioration 
characteristic. This line can be obtained from fatigue 
tests by noting the changes in tensjle strength, impact 
strength, deformability, and so On. Similar in this 

respect are harmful 

effects caused by 

creep in the long 

period static test, 

but very little actual 

information re- 

garding the damage 

line for the case of 

static load is as yet 

available. The de- 

; crease in impact 

strength of a heat 
resistant but em- 
brittling bolting 
material, which take 


LOADING TIME 
7. Change in notched bar impact 


loadings. (Specimen not notched). 


*Mitt. Yer. Grosskesselbes, No. 67, 1930, p. 74. (For composition of material see Fig. 8). 


place in the course 
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of a prolonged ten- 
sile test at 500 deg. 
C. is shown in Fig. 
7. From these data 
the damage line, 
diagram Fig. 8 is 
derived, which 
shows that incipient 
damage occurs at 
an early stage of 
the test. 


FRACTURED 
NOT 


LOADING TIME 
Fig. 8. Damage lines of 0.11 per cent 
C., 1.53 per cent Ni, 0.72 per cent Cr, 
0.88 per cent Mo steel under pro- 
longed stress at 500 deg. C. 
THE NOTCH EFFECT. 

With cyclic stress, the presence of local stress con- 
centrations, because of the notch effect due to the 
presence of holes, changes in sectional area, threads 
or the like, lead to a considerable decrease in strength ; 
ductile materials under static tension prove in most 
cases unaffected by notch effects. As a matter of fact, 
with static tensile stress the stress concentration caused 
by notch-effect increases the strength of mild and 
medium-hard steels. More brittle materials, however, 
show a decrease in strength due to notch effect under 
static load ; and at low temperatures the diminished 


‘ductility of steels may likewise lead to a decrease in 


tensile strength because of notch effects. 

Excepting the effects of ageing and other attendant 
phenomena, increased temperature leads to increased 
plasticity of the metals, and stress reduction by creep at 
the points of stress concentration (that is, at the points 
where the notch effects occur) can, therefore, take place 
more easily at high temperatures than in the lower 
temperature range. Thus, high temperature creep 
favours a gradual elimination of the notch effect. Even 
sO, sensitivity to notch effect under static stress at high 
temperature must be expected in cases where creep by 
slip within the crystal is small, because of the alloy 
composition chosen, or it may be due to the occurrence 
of precipitation phenomena. Under such conditions, 
creep will preferably take the form of grain boundary 
movement and, if the stresses are small, so that fracture 
takes place only after prolonged loading and creep by 
crystal slip may gradually cease. This kind of metal 
behavior endangers operation most seriously, since 
deterioration in strength only develops gradually with 
time and cannot, therefore, be revealed by the short 
period test. Generally, it can be said that with de- 
creasing ductility the stress-carrying capacity of a 
notched piece subjected to prolonged static stress will 
increase at first, or remain constant, when compared 
with a corresponding piece from which notches are 
absent. With further decreased ductility, however, 
the material becomes sensitive to notch effects. 

In the case of heat resistant bolting steels, the ad- 
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SPECIMENS 


STATIC TENSILE LOAD 


TIME TO FRACTURE 
Fig. 9. Load-time-to-fracture characteristics of Ni-Mo-Cr 
steel at 500 deg. C. 
(For material see Fig. 8). 


STATIC TENSILE LOAD 


TIME TO FRACTURE 5 
Fig. 10. Load-time-to-fracture characteristics of 19 pe ‘ 
cent Cr-1 per cent Mo steel at 500 deg. C. 
verse influence of notch-effect upon strength with tem.) 
peratures approximating to 500 deg. C. (Fig. 9) wa 
recognised at an early date. By appropriate changes 
in composition, heat resistant steels could be developed 
which possess superior strength characteristics in the} 
notched condition and, as will be seen from Fig. 10,)7 
there are materials which retain superior strength a| 
high temperature in the notched condition. With) 
regard to non-ferrous materials, such as copper and/ 
aluminum alloys, it has been shown that notch effects | 
may cause a reduction in time-to-fracture strength at | 
room temperature, § 
SHORT PERIOD TESTS. : 

Owing to the influence of loading time upon strength, | 
tensile tests conducted in the creep range should be} 
extended over long periods. To be quite correct, the | 
duration of the test should equal the service life of the 
work piece produced from the material in question. § 
Tests of this kind usually take the form of prolonged F 
tests under static load. Because of the impossibly long 
testing time which would be required to equal the ser- 
vice life of the finished piece, substitution of a short 
period test and its extrapolation must be resorted to. | 

In establishing short period test procedures for the fF 
determination of permissible stresses in the creep range, 
the tacit assumption is made that with ductile materials, 
fracture is always preceded by a considerable per- 
manent deformation. 

In practice only slight deformation can be permitted 
and it is obvious that limits of permissible deformation 
are more important than u.t.s. One possible criterion 
of judging elongation characteristics was considered to 
be the establishment of the time-elongation characteris- 
tic. The fact, that the higher the rate of stress, the 
faster is the rate at which creep begins, and the earlier 
its termination by fracture, suggested the assumption, 
that creep will finally cease if the stress is held belowa 
limiting value or “‘ creep limit,” and that, if this value 
is adhered to, fracture will not occur later. With this, 
the concept of “‘ long period ”’ strength was established. 

In the short period test procedure adopted in German 
practice a testing time of 45 hr. is specified with the 
provision that permissible rate of elongation within the 
35-45th hour of test must not exceed a value of 10.10* 
per cent per hour. Furthermore, for the sake of 
avoiding large initial permanent elongations, it is speci- 
fied that the total permanent elongation must not 
exceed 0.2 per cent after 45 hours. The rate of stress 
obtained with this test is defined as limiting creep stress 
or as DVM long period strength in present day practice. 
This test procedure, applicable only to steels, is used 
for temperatures up to 550 deg. C. However, according 
to tests made by A. Pomp and H. Herzog,* as well as 
elongation should be lowered with higher temperature. 

Recent findings have shown, that the employment 
by A. Pomp and A. Krisch,** the admissible rate of 





* Mitt. K. W. Inst. Etsenf., Vol. 16, 1934, p. 141. 
** Mitt. K. W. Inst. Eisenenf., Vol. 22, 1940, p. 137. 
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of a creep rate of 10.10-* per cent per hour as standard 
rate cannot be justified, and it has been found that 
materials in which creep consists mainly in boundary 
movement may fail with a considerably lower rate of 
creep. Evidently, the strength concept embodied in 
the DVM test for long period strength must be con- 
sidered unsatisfactory, as this concept represents neither 
a given limit of creep nor of strength ; nor does it give 
any indication concerning the interrelationship between 
strength and duration of stress. 

Data on strength and ductility must necessarily vary 
according to design. Thus, the limit of proportionality 
and the yield point will represent the maximum per- 
missible stress in cases where no permanent deformation 
js acceptable. Actually, these values yield the rate of 
stresg resulting in 0.02 and 0.2 per cent permanent 
deformation respectively. In other cases, as for in- 
stance, in the design of piping, suspension devices, etc., 
permanent deformations as large as one per cent will be 
admissible. For purposes of design, it is, therefore, 
desirable to know the stress which results in the specified 


"} amount of permanent deformation. Compared with 
> this, ultimate strength is in most cases of no significance, 


although knowledge of it will be useful to the designer 
insofar as it enables him to safeguard against fracture. 
It is obvious that in the creep range such strength data 
are valid for a specified period of loading. In analogy 
with the time to fracture concept, these deformation 
values will best be termed “‘ time elongation limits.” 
Where room temperatures are concerned, the de- 
formation value can be found by short period test. At 
temperatures where creep prevails, however, interpre- 


tation of the time-elongation characteristic becomes 
» necessary. A simple method for the derivation of the 
> time-elongation limit curve from the time-elongation 
’ curve to fracture is given in Figs. 11 and 12. To the 
> designer these diagrams should prove very useful, since 


they convey information on all important deformation 


' and strength values, and on their variation with loading 
' time. A diagram of this type applied to a Ni-Mo-Cr 
steel at 500 deg. C. is produced in Fig. 13. Here it is 
» seen that the elongation to fracture decreases progres- 
' sively with increasing service life, and the curves of the 
. “time-elongation-limit ” 


finally coincide with the 
“time-to-fracture ”’ stress curve. Beyond a loading 
time of 10,000 hours, a time-elongation-limit for one 


Fig. 11. Evaluation 
of Time-Elonga- 
tion measure- 
ments obtained 
with static tensile 
loading. 


Fig. 12. Evaluation 
of Time-Elonga- 
tion measure- 
ments obtained 
with static tensile 
loading. 


CLONGAHION 


LOADING TIME 


SIATIC TENSILE LOAD 





LOADING TIME 
Fig. 13. Load-time-to-fracture and Time-Elongation limits 
of Ni-Mo-Cr steel at 500 deg. C. 
(For material seé Fig. 8). . 

per cent deformation ceases to exist, as after this period, 
fracture takes place with smaller elongation. With 
materials of this type, the determination of the time-to- 
fracture stress is also required in order to enable the 
designer to judge to what extent the point of fracture 
is approached. 


VOLTAGE DROP MEASUREMENT WITH THE CATHODE RAY 
OSCILLOGRAPH. 


By O. L. JesTep. (From Elektroteknik Ingenioren, No. 38, 3rd June, 1944, pp. 70-73). 


| THE measurement of voltage variations in low voltage 


networks can generally be carried out with indicating 
instruments unless sudden voltage fluctuations of short 
duration are involved. In the latter case, such as the 
voltage fluctuations caused by the starting of a motor, 
the use of an oscillograph is required. For such purpose 
a portable cathode ray oscillograph of modern design is 
particularly suitable. But in many cases the measuring 
accuracy may be found insufficient. 

Referring to Fig. 1a, which represents the oscillogram 
of an alternating voltage which suddenly drops by the 
amount 4E volt, this drop can be determined by 
measuring « and fif the voltage Eis known. Assuming 
% to be 50 mm., which corresponds to the size of image 
produced by many cathode ray oscillographs in use, 
then a voltage drop by e.g., 3 per cent will correspond 
to B=48.5 mm. But when it is considered that the 
thickness of the curve itself is 0.5-1.0 mm., it is clear 
that the difference «—-f8 cannot be read off with satis- 
factory accuracy. 

_ Itis, however, easily seen that the entire oscillogram 
1s not required for the determination of 4E, but that 
this value can still be found after cutting off that part 
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of the oscillogram which lies below a line L drawn at a 
distance E, from the axis (Fig. 1b). The height of the 
image, within wide limits, is independent of the voltage 
to be measured, depending, as it does, upon the adjust- 
ment of the amplifier. By choosing appropriate values 
of E,, it is therefore possible to produce sufficiently large 
images under all conditions (Fig. 1c), hereby ensuring 
maximum accuracy in reading off «-8. Fig. 2a 
indicates the manner in which this method may be 
realised in practice. Here, a direct current source 
(represented by a battery), placed in series with a half- 





Fig. 4a Fig. 4b 
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wave rectifier, is passed by the alternating current fo be f 
measured. The original alternating voltage is shown in 
Fig. 2B, while Fig 2C shows the voltage of the direct | 
current. The resultant curve is given in Fig. 2D, and f 
that produced by the half-wave rectifying effect is shown 4 


in Fig. 2F. The complete circuit of an instrument 


which embodies this measuring principle is shown in | 


Fig. 3. Here the secondary winding of the transformer 
T supplies a voltage of 110 V. to the terminals of a 
potentiometer, the primary windings of the transformer 
being tapped off for networksof 110, 220 and 380 V, 
The potentiometer is seen to have two branches, P, and 
P,, which can be connected to the diode AB, as 
required. The auxiliary d.c. voltage is seen to be 
produced by means of a diode A21, its output voltage 
being stabilised by means of a glow discharge tube 7475 


A few typical oscillograms are shown in Figs. 4a, b, | 


candd. Here Fig. 4a clearly shows the voltage varia- 
tions for every half-cycle ; while the fluctuations of the 
network voltage are given in Fig. 4b. The effect of 
network voltage control is evidenced by Fig. 4c. 
Finally, Fig. 4d shows the voltage fluctuations induced 
by the starting of a squirrel cage motor, the length of 
the image corresponding to a time of about 45 seconds, 





Fig. 4c Fig. 4d 


AIR CONDITIONING OF MINES BY MEANS OF REFRIGERATORS 
INSTALLED UNDERGROUND. 
By AD. BAUMANN. (From Brown Boveri Review, Vol. 30, Nos. 11/12, Nov./Dec., 1943, pp. 309-314). 


This article discusses the possibility of cooling the atmosphere of 
deep mines by means of a cold air refrigerator, supercharged to the 
operating pressure of the compressed air tools and driven by a com- 
pressed air motor. The cold expanded air, discharged by this motor 
and the compressed air tools, is dried at the surface to prevent freezing 
by an air refrigerating machine of the ‘‘ super-compression ”’ type, and 
would supplement the effect of the cold air refrigerator. 


THE temperature of mines increases 1-2 deg. C. with 
each 100 m. of depth and can be counteracted only in 
part by increasing the quantity of ventilating air. Above 
a certain temperature an artificial improvement in 
“climate ” is necessary, as “ comfort” depends upon 
humidity as well as on temperature. 

The cold outputs which have to be dealt with are very 
jarge and are given by Dobson & Walker for a South 


African Gold Mine at a depth of 1800 m. and having a 
monthly ore extraction of 150,000 t., as follows :— 

1. Heat rise of the ventilating 
air by auto-compression in 
the down-going air shaft .. 5.5 x 10® kcal./hr, 
Heat given out by the rock 5.0 x 10® kcal /hr, 
Heat developed by 4000 
workers N we ae 1.0 x 108 kcal. /hr. 
Heat developed by machines 0.7 x 10° kcal./hr. 
Heat developed by explo- 
sives, lamps, etc. .. oe 


ye wh 


0.8 x 108 kcal. /hr. 





Total 13 x 108 kcal. /hr. 
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' Air conditioning plants can be installed either on the 
‘surface or underground, or partly on the surface and 
partly underground. The surface installation suffers 
"from large losses in the.ventilating air shaft which it 
would be too expensive to insulate and difficulties arise 
* in the removal of the heat given up in the condenser of a 
steam engine, or in the air cooler if the installation is 
» underground. ; 

Experience of many installations indicates that an 
underground installation is to be preferred, in view of 
the large ventilating shaft losses, especially if the mine 
' water can be used to carry away the heat. The cooling 
> effect is increased by the use of compressed air machines 
instead of electric motors ; compressed air tools using a 
considerable degree of expansion and so discharging 
cold exhaust air, and also by driving the refrigerator 
with compressed air. 

Fig. 1 shows an underground air conditioning plant 
' with surface compressor and drying installation, the 
' cold air refrigerator being supercharged to the pressure of 
) the pneumatic tool supply to reduce its size for the cold 
' air output required. The supercharging—to pressures, 
| for instance, between 7 and 14 kg./sq. cm.—requires a 
closed circuit cycle, but supplies 7 times the cold, per 
cubic metre of air, of an equivalent size open circuit 

cle. 

The fresh air (1) is drawn into the surface compressor 
| (2) and passed into the after cooler (3), where it is 
cooled to about 25 deg. C., at a pressure of 2-3 kg./sq. 
cm. higher than that required for the compressed air 
supply. The air exhausted from the expansion turbine 
(5) cools it to 0 deg. C. and almost completely eliminates 
its original water content of 15 g./kg. in its passage 
through the temperature exchanger (4), the moisture 
being withdrawn at (6). This plant is, in any case, 
required if tools working on the expansion principle are 
used (8) and enables a large saving of air to be made, as 
well as contributing to the cooling of the pit air. 

The underground cold air machine with a com- 


ee: 


pumeme tii 9 a gnpern) ores 





pressor (15) and expansion turbine (13) is driven by the 
compressed air turbine (11) which receives dried air at 
(10) from the compressed air supply system, in the same 
way as the pneumatic tools (8), and discharges the cold 
air at (12). After the expansion in the refrigerating 
circuit proper (16, 17, 18, 19), therefore, the mixed- 
pressure turbine (13/11) has the same pressure as the 
pneumatic tools, namely, about 7 kg./sq. cm. abs. ; the 
temperature of the air after compression in (15) to, 
for instance, 14 kg./sq. cm. and cooling in the heat 
exchanger (20) after the turbine (13) is about 0 deg. C., 
so that the mine air drawn in at (24) by the fan (25) can 
be cooled down in the heat exchanger (14) to about 
+10 deg. C. The moisture thus separated out flows 
off at (28), and the cooled and dried air is then again 
raised to a temperature of about 30 deg. C. in the tem- 
perature exchanger (26) and discharged into the mine at 
(27) with a relative humidity of about 15 per cent, so 
that there is no possibility of fog formation. 

In this connection it may be recalled with the aid of 
the i-x diagram in Fig. 2 that, upon mixing warm 
saturated air A with cold saturated air B the state of the 
mixture is given by the straight line AB connecting 
these two points, and lies in the fog-zone; upon 
heating the cold air from B to C, the connecting line 
CA is raised above the dew line y = 1, thus avoiding the 
formation of fog. This is obtained by the temperature 
exchanger (26), and this subsequent raising of the 
temperature from (14) to (27) increases the heat content 
of the cooling air only slightly compared with the large 
reduction from (24) to (14). The cocling effect of the 


air, therefore, is obtained mainly by the considerable 
teduction in moisture from about 50 g./kg. (24) to about 
4g./kg. The chain-dotted line shows the temperature 
conditions in the heat exchanger (26) with the tempera- 
tures (24/26 and 14/27). 

The heat given up in the cooler (20) can under 
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Fig. 1. Underground mine air conditioning plant with air 
refrigerating unit supercharged to pneumatic tool pressure. 
Compressed air plant with drying installation. 

1. Fresh air. 6. Water separator. 

2. Compressor. 7. Dried compressed air. 

3. Aftercooler. 8. Pneumatic tool. 

4. Temperature exchanger. 9. Cold exhaust air. 

5. Cooling turbine. 


Air refrigerating machine supercharged to pneumatic tool pressure. 


7 yempe 2 air. 3 

a ir turbine. 17. . , 

12. Cold exhaust air. 18, : Pipe connections. 
13. Air turbine. 19, 


14. Air cooler. 20. Air cooler. 


15. Compressor. 


(a) Mine water pumped through air cooler. 
21. Mine water intake. 3 ‘ump. 23. Rising water main. 
(b) Conditioning air circulation. 
24. Hot mine air. 27. Conditioned air. 
25. Fan. 28. Precipitated water. 
26. Temperature exchanger. 


suitable conditions be transmitted to the water leaking 
into the mine, which is drawn in at (21) and delivered 
to the surface at (23) by means of the pump (22). The 
pump (22) as well as the fan (25) may be either mounted 
on the same shaft as, and directly driven by, the turbine 
(11), or they may be driven by separate compressed air 
motors ; this compressed air drive, especially when 
combined with the pump (22), contributes considerably 
to the air conditioning of the mine, not only because of 
the cold air liberated, but also because the losses taking 
place in the pump are carried away in the form of heat 
given to the water raised to the surface. In the case 
of the pneumatic tools (8), the cooling effect due to the 
expansion, equals the heat evolution of the hammer and 
drilling work, representing a considerable advantage 
over electrically driven tools, where only heat is pro- 
duced. 

If there is insufficient mine water or if it is too hot, 
then contrary to the arrangement shown in Fig. 1, a 
certain amount of water would have to be circulated 
through rising and down-going pipes through a cooling 
tower installation at the surface. Under these circum- 
stances only the frictional resistance to the flow of the 
water has to be overcome. The air conditioning set 
(13/15) can in the case of large outputs of cold con- 
veniently employ an axial flow compressor, the adiabatic 
efficiency of which for nominal outputs of 500 to 1000 
cu. m./min. may attain 82 per cent, whilst that of the 
driving turbine may be as high as 88 per cent. 

The coefficient of performance (i.e., the ratio cold 
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output to the heat equivalent of the driving power) with 
other interesting figures for such a set, having a cold 
output of 3x 10° kcal./hr. are given by the following 
table : 





Lower pressure . {kg./cm.2 abs. 7 7 
Upper pressure .. |kg./cm.2 abs. 10 12 
Compression ratio .. 1.43 1.72 
Coefficient of per- 
Driving power ; kW 2075 2225 
Air quantity circulated kg./hr. 480,000 | 313,000 
Air quantity circulated cu.m./min. 1005 675 
Driving air quantity . kg./hr. 72,000 | 77,000 
aximum length of 
machine without 
driving turbine 4 m. 3.6 3.4 
Maximum width of 
machine... m. 1.8 1.6 

















The coefficient of performance of 1.5 is increased by 
1 if the cooling effect of the turbine exhaust air is con- 
sidered. This is equivalent to the turbine output L so 
that instead of the coefficient of performance 

Q0+AXL Qo 

becomes = 

AL AXL 
ing the cold output from 3 to 5x 10® kcal./hr. The 
machine set is also relatively small owing to super- 
charging the lower pressure to 7 kg./sq. cm. and it is a 
matter of experience to ascertain if the temperature ex- 
changer (26) and the air cooler (14) can be kept free from 
mine dust. The additional load on the compressed air 
system, which amounts to 140 per cent in a mine using 
36,000 to 50,000 kg./hr. and would be possible in only a 
few cases, might be dealt with by installing a special 
high pressure main operating at say 14 kg./sq. cm. 

The advantages of the “air only” operation can 
best be shown by considering, first, the case of a surface 
steam turbine and compressor with underground air 
turbine driven refrigerator and, second, the case where 
the surface compressor is replaced by an electric 
generator and the air turbine by an electric motor. 

In the first case all the heat in the fuel is rejected on 
the surface by means of the boiler house chimney, the 
steam turbine’s condenser, and in the compressor’s 
inner and after coolers. If the heat input of the fuel is 
100 per cent then the cold output in the mine, and with 
which the cooling tower would have to deal, would be 
25 per cent, of which the refrigerator would contribute 





+ 1, thus increas- 


0 
—> x gikg 
Fig. 2. Fog formation upon mixing cold and warm saturated 
r shown in the i-x diagram. 

Upon mixing warm saturated air A with cold saturated air B the 
state of the mixture lies upon the straight line AB in the fog zone, 
If the cold air is previously warmed from B to C, the connecting line 
CA lies above the dew line (q == 1), thus preventing fog formation, 

Ordinates : Temperature in deg. C. 

Abscissae: Moisture content in g./kg. of dry air. 
15 per cent ; the remaining 10 per cent being due to the 
cooling effect of the exhaust air from the turbine. 

In the second case part of the heat produced in the 
fuel on the surface is passed down into the mine and 
corresponds to the terminal output of the generator, 
This heat amounts to about 20 per cent which, as heat 
equivalent of the meter shaft output, develops a cold 
output of 30 per cent with a coefficient of performance 
in the cold air machine of 1.5. Deducting a meter loss 
of 1 per cent this would give a value of 29 per cent for 
this drive, slightly higher than the 25 per cent of the 
compressed air drive with the cooling effect of the 
exhaust air. It requires, however, a refrigerator of 
twice the output of that in the first case (30 per cent 
refrigerator cold output as against 15 per cent) and also 
the cooling tower has now to deal with 50 per cent of the 
heat input (30 per cent from the refrigerator, 20 per cent 
from the driving motor) instead of 25 per cent of the 
heat input. 

The cooling effect of the compressed drive is there- 
fore advantageous, because the refrigerating machine 
need only be built for half the output. On the other 
hand, a surface air compressor plant must be installed 
in place of the generator and the size of the compressed 
air pipe system must be increased by about 100 per 
cent, while at the same time a drying arrangement has to 
be provided. This extra expense is very quickly re- 
paid if pneumatic tools working on the expansion 
principle are employéd. 


THE INFLUENCE OF THE MAGNITUDE OF CROSS-SECTIONAL 
AREA OF FATIGUE STRENGTH. 


By Dr.-Ing. W. BucHMANN VDI, Bitterfeld. 


(From VDI-Zeitschrift, Vol. 87, No. 21-22, 29th May, 1943, 


pp. 325-327). 


“ 


scale 
factor,” i.e., the influence of the magnitude of cross- 
sectional area on fatigue strength as test samples have, 
generally, lesser dimensions than the actual parts. With 
steel, the flexural fatigue strength of a rod 100 mm. dia. 
is about 60 per cent of that of a rod of 15 mm. 


TESTS ON LIGHT METALS. 

It might be expected that light alloys would show a 
similar behavior with respect to cross-sectional area. 
The present tests have been made with notched and un- 
notched samples under “reversal load” (tension- 
compression), ‘‘ repeated load” (tension) and under 
“alternating torsion” (+ and —).* 


It is important to clarify the influence of the 





* For pest th these terms are used as English equivalents of the 
German my oa To avoid misunderstanding note that the tests 
are denoted by :— 

1. “‘ Reversal load ”’ alternating tension and compression = 

Zug-Druck-Wechselversuch. 
2. “ Repeated load ” = pulsating tension = Zug-Schwellversuch. 
3, “ Alternating torsion’? = Verdreh-Wechselversuch, 


The alloys investigated were: Mg-Al 6 (‘“ Elektron 
AZM ”’), GMg-Al (“ Elektron A9V ”) and Al-Cu-Mg 
(“ Igedur 26’). 

Test Results on Scale Effect.—Some of these test 
results are shown in Figs. 1, 2 and 3, and can be sum- 
marized as follows :— 

1. There is a pronounced drop in the flexural fatigue 
strength with increasing size, especially in the range of 
small cross-sectional areas (5 to 15 mm. dia.). 

2. Beyond a certain limit (30 mm. dia.) the rate of 
drop in the flexural fatigue strength is only slight ; the 
curves tend asymptotically towards the fatigue strength 
due to reversal loads. 

The excess strength in reversed flexure over the 
asymptotic value is explained by the stabilizing effect 
of the slightly stressed inner fibres on the highly stressed 
outer fibres. This effect obviously depends on the 
stress gradient. 

3, As Figs, 1 and 2 show, the fatigue strength of 
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Fatigue strength under reversal load. 


Fatigue strength 























e. mn 2 
Diameter of test rod. 


























Fig. 3 











Effect of scale factor for “Elektron AZM” on 
Opw> Ozw & Tw. 


Obw = fatigue strength under reversal 


Diameter of test rod. 
Effect of scale factor for ‘‘ Elektron AZM” 
on Obyr 


———— 


a . 0 





Diameter or height of specimen in flexure. 


Influence of scale factor on flexural 
fatigue strength for the three light 


Ozvr- alloys tested. 


exure. Opvr’ = Initial strength in flexure. 


Ow = fatigue strength under reversal load. 


tw = fatigue strength under alternating 
torsion. 


Ozvr = Initial strength in tension. 
Index Vr denotes initial strength. 


Figs. 1 & 2. Index 7 denotes nominal fatigue strength of 
notched specimens, the stroke denotes that the stress ¢ has 
been evaluated by assuming linear stress distribution (9’ = 


M/w). 


» unnotched samples due to reversal loads, is independent 
» of a “scale factor.” Steel exhibits the same phenome- 


non. With a notched sample, however, there is a stress 
gradient and consequently, due to the stabilizing effect, 
there is an influence of size on the fatigue strength. 


4, With fatigue strength due to alternating torsion, 
there is a distinct influence of the size of the test samples, 
even when unnotched. 


Scale Factor and Stabilizing Effect.—The mechanism 
of the stabilizing effect can be explained in principle by 
two different actions. The first is slip, which, at the 
most stressed fibre is not of the magnitude it would be 
were the stress constant. The second is the redistribu- 
tion of stresses from the higher stressed fibres to the 
lower ones. 


This excess strength in flexural fatigue of the various 
materials is not in some ratio, but rather of a constant 
absolute value, e.g., for a dia. of 7.5 mm. the excess 
strength is about 5 kg./mm.*, which implies that the 
deviations from the elastic stress distribution occur in a 
certain layer near the surface, a fact recently proved by 
X-ray investigations. 

Theoretical Treatment of Scale Factor.—The theo- 
tetical treatment of this problem is due to H. A. v. 
Philipp (see Forschg. Ing.-Wes., Vol. 13 (1942), pp. 99- 
111). His assumptions were based on the simplified 
stress distribution as shown in Figs. 4 and 5. From 
these it is obvious that with a decreasing size of test bar 
the flexural fatigue strength does not increase indefinitely, 
but only up to a value corresponding to a stress-dis- 





Fig. 5. Excess Maximum 

fatigue strength in atigue strength for 

the sensitive region smallheight ofcross- 
to scale factor. section. 


Fig. 4. For high sections 
Obw’ andGzw arealmost 
equal. 


Assumptions on theoretical treatment of scale 
factor according to Philipp. 


Fig. 4-6. 


tribution as indicated in Fig. 6. From this, an upper 
limit is obtained for the flexural fatigue strength opw’ = 
1.5 Ozw for rectangular cross-sections, and Opw’ = 1,698 
Ozw for circular cross-sections. 


A further assumption was, that the depth of the 
stabilized layer s is a constant, depending on the cross- 
sectional shape of the material and type of loading. 


The calculations based on these assumptions proved 
to be in satisfactory agreement with the test results. 
Philipp calculated the value of s for steels under alter- 
nating torsion s = 1.5 to 2 mm., for steels under reversal 
flexure s = 3 mm., and for light alloys s = 1 mm. 


According to Philipp the upper limit for flexural 
fatigue strength is reached when the height of the cross- 
section is 6 mm. for light alloys and about 20 mm. for 
steel. 
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TENSION AND POWER CONSUMPTION IN COLD ROLLING. 
By Ju. M. FaInBerG. (From Stal, Vol. 1943, Nos. 3/4, April, 1943, pp. 27-29). 


IN cold rolling the employment of tension is of con- 
siderable influence upon the electric power consump- 
tion of the mill and upon the distribution of the load in 
the individual drives of the stands. This report relates 
to a method which, by means of ordinary technical 
ammeters, permits the determination of the tension of 
the strip, even in cases where two-sided tension is em- 
ployed in continuous tandem mills. It also makes 
possible the establishment of the load and power con- 
sumption of the individual drives. 


The general features of this method and the points at 
which the ammeters must be installed will be under- 
stood by referring to Figs. la-e, which show the chart 
records obtained with five ammeters installed in the 
circuits of a wide strip continuous mill for the cold 
rolling of 0.09 per cent carbon strip of 1300 mm. width 
and 3 mm. initial thickness. 

This mill is a 

three-stand, four- 
high unit with rolls 
of 450/490 and 
1240/1340 mm. dia- 
meter and of 1625 
mm. length of body, 
the rolls being sup- 
ported in Timken 
roller bearings. 
Each stand is driven 
by a direct current 
motor of 1500 h.p. 
through a reduction 
gear, the motor 
speed ranging from 
300-500 r.p.m. The 
tension reels are 
driven by direct 
current motors of 
500 h.p. with speed 
ranges of 300-1050 
r.p.m., the line volt- 
age being 600V. 


The following 
data were ascer- 
tained at rolling 
speed, to wit :— 
Speed of the rolls 
of two stands, volt- 
age at the d.c. 
generator bus bars, 800 
and thickness of the isi 
sheet as it leaves jes 
the last (third) aA 
stand. The amount Fig. 1. Operating diagrams of mill. 


of energy A_ in (a) Roll speed of Stand No. 3 (b) Amperage 
terms of h.p. per 3 motor bate — = 1 {9 Amperage 

of motor driving Stan 0.2 (d) Amperage 
ton per hour as of moter driving Stand No. 3 (e) Amperage 


consumed in the of motor driving reel. 

individual drives of the stands can be obtained from the 
weight of material G rolled per second and from the 
output in h.p. as registered at the shaft of the motor, the 
expression for A reading : 


Py (A.p.) (sec.) Py 1/3600 I 
= = eat (h.p./t,h) 
(1) 





G (ke.) G/1000(m.)  3.6G 


In the third pass, adjusted for a small amount of 
draft, the energy consumption is seen to be high 
because of the tension prevailing. By ascertaining the 
respective power consumptions obtaining when rolling 
with and without tension, the power consumption that 


will prevail with a given tension can be established; 
vice versa, the existing tension can be determined fron 
the power requirements recorded. . 

The operating characteristics of the mill are ¢. 
emplified by Figs. la-e. Referring to point (1) ir 
Fig. 1b, the introduction of the sheet into stand No, | 
is seen to cause an increase in the load of the motor driy 
of this stand. Between points (2) and (3) stand No, | 
operates without tension, that is to say, as a convention, 
rolling mill, since the sheet has not yet entered the pag 
of stand No. 2. This fact is reflected by low loading of 
the motor of stand No. 2. 

At point (3) the sheet has been gripped by the rolk 
of stand No. 2, and at point (4) the load on the moto 
of this stand is seen to have risen correspondingly. At 
the same time the load on the motor of stand No. 1 ha 
fallen because of the tension now prevailing in the sheet 
between stands No. 1 and No. 2. Between points (9)- 
(10), the motors decrease their speed, and the amperage 
of all the motors, therefore, shows a decrease, as the 
power requirements are partly met by the kinetic energy 
of the rotating masses, etc. 

Each amperage reading of the motor current corte- 
sponds to a certain magnitude of the turning moment at 
the roll motor shaft. With shunt type direct current 
motors, the turning moment M, of the motor shaft, that 
is the torque, is given by 

My - Ny 
M,=c@Ip = ee Zs «. 
I h.Mp 
Mu ny 
hence c ® = 
H: Mp 
stant, the numerical value of which depends upon the 
design features of the motor in question. The factor ¢ 
represents the rotor flux, Jp is the rotor current, and m 


(2a), where c is a con- 


. is the operating speed of the motor with full voltage at the 


rotor terminals. Finally, My, J and my, are the corre- 
sponding rated data of the motor. In the analysis of 
the mill characteristics the symbols given in Fig. 2 will 
be used. 





RATIO OF REDUCTION ceaR Ll, = Lp a, Gases 

SPEED OF ROLLS APM. mM, Ne i: . Cae 
RADIUS OF ROLLS Re Ravi 
VELOCITY OF SHEET VN Vo Vacs 

THICKNESS OF SHEET Pent 

TENSION TVtt »* 

STAND NUMBER Vyty BN Toot Hifeee 


Fig. 2. Designations of characteristic mill data. 


The output P» of the motor in the presence of two- 
sided tension can be expressed by the equation 
Pp i Pe +- (Tp-yvn-1 = Tn ° Un) 1/7e (3) 
which holds true for every stand of the mill. Here P: 
is the output at the shaft of the motor based upon 
rolling without tension, that is, the conventional rolling 
process. The term 7c denotes the efficiency of the 
stand, taking into account the frictional losses in the 
bearings and in the reduction gear. The factor Th. 
Un-; denotes the power consumed by the working rolls in 
setting up the back tension ; while Tnvn is the amount 
of power supplied to the rolls from the motor of the 
stand next in line, this power supply being effected by 
the forward tension prevailing. By replacing vn-; by 
Vn in equation (3) and introducing the relative thickness 
of the sheet, it becomes 











— T;) 1/ne . @ 


Py = Pe + vn (To-a 


n-1 
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By dividing equation (4) by the angular velocity wn = 
mm,/30 of the motor and replacing the speed vn of the 
strip by the factor of the relative increase in speed S 
due to slip), and the gear ratio 7 by means of the ex- 
ression 7Rntn (1 -}+ S)/30 i, the turning moment will 
then be given by A : 
n 
My = Me + RU + S) Tar -—R(l + S)+ 


ho-y Ne tn 


1 
Ts —— = Mc + Ms + Mn ae a x (5) 
1 
hae Me is the rolling moment for rolling without 
tension, and Mp is the entire torque at the motor shaft. 


Furthermore, 
ha 1 
Ms=R(1+4+ S) Tor —_.. se -@e) 


n-1 Ae tn . 
which represents the moment due to back tension, and 


where ; 
Ma = —R d + S) Tn/ Ne tn (5b) 
is the moment of forward tension. 


rT] Fig. 3. Specific energy consumption in 
h.p. hr. per ton as function of thickness 
of 0.06-0.11 per cent C. strip of 
I: 950 mm. width. II-IV: 1340-1485 
mm. width. 
Speed: I-140 m. per min. II-IV 112- 
117 m. per min. 
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In Fig. 3 are charted the curves 
of power consumption which show 
the influence of the initial thickness of 
the strip upon the amount of energy consumed in the 
rolling process. Curves such as those shown in Fig. 3 
and derived from equations (3), (4), and (5), can be used 
to determine the required motor capacity, the tension 
prevailing, the turning moment due to the rolling 
process, and consequently also the roll pressure exerted 
by the sheet upon the rolls. 

The following numerical example will serve to show 
the usefulness of this method in determining the 
specific energy consumption in rolling strip of 1390 mm. 
width and 3 mm. thickness, using the test data given in 
Fig. 1 and assuming S to be zero. The speed of the 
rolls of stand No. 3 is found from Fig. 1a (points 1-6), 
and the corresponding speeds of the rolls of the other 
stands can be computed from the given physical di- 
mensions of the mill. The numerical values for c® 
applying to the 1500 h.p. motors are found from 
equation (2a), the speed mp being taken as the normal 
working speed of the mill. It is: 

1500 My 3580 
My = 716.2 —— = 3580 kgm. ; —- = — = 1.79 
3000 I 2000 


H 





2 3 cy 
THICKNE SS,mm 


Mu ny 300 
Stand No. 1: It is cD = = 1.79— = 1,38 
Tu Np 390 
In the same manner, corresponding values can be es- 
tablished for the other stands of the mill. The average 
amperage prevailing at the instant when the sheet is 
passed into stand No. 2 (Fig. 1b, points 2-3) is Jo = 
1550 A, and the moment prevailing in the conventional 
tolling process therefore can be established from equa- 
tion (5) as Me = c® Ip = 1.38 * 1550 = 2150 kgm. 

The introduction of the sheet into stand No. 2 re- 
sults in the setting up of tension (Fig. 1b, point 3), 
which results in a decline in the amperage to an average 
value of In = 950A. The turning moment to be 
supplied by the motor declines correspondingly to Mo 
= 1,38.950 = 1320 kg. m. It is 

Mp = Mo — Mc = 1320 — 2150 = — 830 kgm. 
This constitutes the moment of forward tension Mn, 
since here the moment of back tension is absent. (It 
will be noted that forward tension is characterised by 
the negative sign). The magnitude of the tension is 


found from equation (5b), counting T, = 0 (see Fig. 2). 
It is thus : 
Mp 830 - 8.12 0.85 °2 
yin eer 1, he= 
R 


= 25,200 kgm 





2 0.459 
Stand No. 2: With the force T, acting upon the strip 
between stands No. 1 and No. 2, the moment of back 
tension M, acting upon the shaft of the motor which 
drives stand No. 2 is found as 

Ry° 13" hs 0.477 * 25,200 * 1.265 

- = =765 kgm. 

hy * i2° Ne 2.°2:2° 5.28 ° 0.95 
The torque developed by the motor upon entering 
of the sheet in stand No. 2 (Fig. lc, points 4-5) with 
forward tension being absent, is obtained from the 
amperage value of 2800 A as Mo; = 1.25 2800 = 
3530 kgm. 

In the case of conventional rolling without tension, 
the rolling moment is given by Me = Mocs; — My = 
3530 — 765 = 2765 kgm. Upon: entering of the 
sheet into stand No. 3 (point 5), the amperage of the 
motor of stand No. 2 decreases to Jp = 1500 A (point 
6). Because of the forward tension, the torque required 
of the motor of stand No. 2 decreases to 

R,° T; 
M. n= (I oe Ig) cD 


ty “Ne 
(2800 — 1500) - 1.25 
1630 kgm. 
The tension prevailing between stands No. 2 and No. 3 
can therefore be found as 
Mn iz Ne 1630 * 5.88 - 0.85 * 2 


T; => => 

R, 0.477 
Corresponding values for stand No. 3 can be obtained 
in the same manner. 

Once the moments prevailing in the case of con- 
ventional rolling are obtained for all three stands, and 
the speeds of the corresponding motors are known, the 
power requirements can be determined and charts of 
the type shown in Fig. 3 can be plotted. 

In the process of setting up tension, the motors of 
the tension reels will operate under transient conditions 
(ponts 6, 7 and 8 in Fig. la). During this period, the 
motors set up positive and negative moments owing to 
acceleration (and this in addition to the rolling moments) 
which must be prevented. When accelerating (points 
7-8 in Fig. 1d) the average current absorption of the 
motor of stand No. 3 amounts to some 1750 A. The 
corresponding moment is 1750° 1.52 = 2680 kgm. 
The rolling moment with two-sided tension is then 
obtained by deducting the moment required for accelera- 
tion. This moment can be obtained as 

Gira 
Mace = —_—. where GD* is the flywheel effect of 
375 * tp 
the system at the shaft of the motor. In the case con- 
sidered it is GD? = 16,000 kgm.” whilen = 354 r.p.m. 
is the speed to which the motor accelerates, and fp is the 
starting time from rest, which according to Fig. la 
amounts to 30 seconds. It therefore is 
6,000 - 
Mace = ————————. = 500 kgm., and in the case of 
375 - 30 
two-sided tension it becomes 
Mo = 2680 — 500 = 2180 kgm. 
quently the moment of forward tension is 

Mn = Mo3 — Mo = 2740 — 2180 = 560 kgm. 
The forces of tension amount to 
s Mn 13 Ne 560 - 4.68 * 0.85 «2 

7 = = 


R, 0.484 
The tension prevailing at working speed can be es- 
tablished in a similar manner. For this purpose the 
moment M, is taken as basis, and the corresponding 
amperages are taken as shown in points 8-9 in Fig. la-e 








3 





= 34,400 kg. 


Conse- 


= 9350 kg. 
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GERMAN 300 H.P. TANK ENGINE 


(From Motertechnische Zeitschrift, Vol. 6, No. 1/2, January, 1944, pp. 38-39). 


For German tanks, special engines have been developed 
which meet the prevailing exigencies of small space 
requirements, low weight, low fuel consumption, high 
output, and reliability of operation. 

For relatively light tank models the German army 
employs a water-cooled . twelve-cylinder four-stroke 
Otto engine of the 60 deg. V-type. The individual 
cylinders of the two six-cylinder banks are so arranged 
that corresponding connecting rods are located side by 
side, acting on a common crank of the crankshaft. 
The principal. data of this engine are as follows :— 


Number of cylinders .. ix TS 
jore 4). + +. 105 mm. 
Stroke .. at aa -. 115mm. 
Stroke/Bore .. oe «ae 
Displacement volume -. 990 cu.cm. 
Total displacement volume .._ 11.9 litres. 
Compression ratio oe ees 


Valves. 
Admission valves 


Exhaust valves 


Valve lift ae 
Admission opens 
Admission closes 
Exhaust opens. . 
Exhaust closes. . 
Induction pipe 
Crank pin sd 
Disc type journals 
Weight en g. 
Spec. fuel consumption 235-255 g. per eff. h.p. hour. 
Octane number as .. 74 CFR-Research. 

Lubricating oil consumption.. 550 g. per hour. 

Output e> - -. 800 h.p. at 3,000 r.p.m. (see Fig. 3), 
Normal pau speed (con- 


54 mm. 


47. mm. external dia., 43 mm. 
internal dia. 


tinuous 
Idling speed 
Torque. . om is 2? 
Mean piston speed at 3,000 
r.p.m. aS ae ss 
Mean eff. pressure at 3,000 
r.p.m. oe ae rd3 
Max. torque at 2,200 r.p.m... 
Mean eff. pressure at 2,200 
a .. 8.45 kg, per sq.cm. 


r.p.m. 
Unit 3.07 kg. per h.p. 


weight i = ‘ 

The combustion chambers are of spherical shape, 
and contain each one admission and one exhaust valve 
enclosing a mutual angle of 57 degs. The camshafts 
are arranged above the respective cylinder rows, each 
carried in seven anti-friction bearings. The camshafts 
are driven from the crankshaft through one interposed 
helical gear. Valve movement is effected by rocking 
bars and cam followers. The rocking bars are carried 
by eccentrics so as to permit adjustment of the valve lift. 

The 14 mm. sparking plugs are arranged centrally 
in the cylinder head with a cast-iron hood encasing the 
latter, including the valve gear. The upper part of the 
crankcase is cast integral with the two cylinder banks. 
The periphery of each crank-web is hardened and serves 
as inner roller bearing race. The six crankpins are 
hardened and carry the twelve lead-bronze metalled 
big end bearings. A vibration damper is arranged at 
the front end of the crankshaft. The pistons are made 
of aluminum alloy and have each three piston rings and 
two scraper rings. 

The cooling water is circulated by means of a 
centrifugal pump, from which the generator is driven 
by two V-belts. The cooling air is drawn in by a fan, 
the radiator being provided with a relief valve which is 
so set that at maximum oytput a water temperature of 
105 deg. C. can be maintained. But in continuous 
operation at normal engine rating the cooling water 


temperature does amet 95 deg. C., even with an 


2,600 r.p.m. 
500 r.p.m. 
71.6 mkg. 


11.5 m. per sec. 


7.55 kg. per sq.cm. 
80 mkg. 


ambient temperature of 35 deg. C. The cooling duty 
of the radiator approximates to about 40 kcal. per sec. 


In consideration of the heavy listing of the tank, 


lubrication is of the dry sump type, the oil pumpy 
being of the gear wheel type. The connecting ro¢ 
bearings, the camshaft bearings and those of the rockey 
are arranged for pressure lubrication; while the 
gudgeon pins and the cylinders, and also the rolle 
bearings are splash-lubricated. In order to avoid th 
fracture of oil lines, a relief valve opening at 20 atm, 
passes the oil around the oil cooler if the oil is too cold 
to be forced through the cooler. As the oil cooler j 
cooled by cooling water of the engine, the oil is rapidly 
warmed up when starting ; on the other hand, the oj 
temperature cannot become much hotter than the coolin 
water of the engine. A by-pass valve, set to open a 
5 atm.g. passes the oil around the filter whenever its 
frictional resistance proves too‘large to be overcome by 
cold oil or whenever it has become choked with dirt, 
The lubricating oil system is held at 5 atm.g. by means 
of a control valve. The oil filter of the gap type is 
equipped with a scraper which is linked to an operating 
lever of the engine and is thus operated at frequent 
intervals. 

Fuel feed is effected by two pumps of the diaphragm 
type, and there are two Solex-Double-Down-draught 
type cross-country carburettors, each of which consists. 
of two independently operating units. Only two of 
these four carburettor units are in use at low engine 
speeds. The other two are put into operation whenever 
the accelerator is depressed in order to accelerate the 
engine above its average speed of 1,800-2,000 r.p.m, 
By providing a special ratio linkage, the throttles of the 
high speed stage carburettors are operated at a faster 
rate than those of the low speed stage. The carburettors 
are specially designed to allow trouble-free operation 
at lists as great as 45 deg. 

The magneto generates four sparks for every one 
rotation. The armature and the interrupter are 
stationary, the variation in the magnetic flux being 
produced by a rotor which contains the star-shaped 
permanent magnet of Alnic steel. The electric starter 
is of the series-wound type equipped with a free wheeling 
multi-disc friction coupling. The inertia starter is shown 
in the figure below. By means of a high-ratio gear which 
includes a planetary gear, the fly-wheel of the starter is 
brought up to high speed, hereby storing sufficient 
kinetic energy for starting of the engine. When the 
fiy-wheel has come up to speed, the pinion of the starter 
is made to engage the fly-wheel by shifting the hand- 
lever (363) shown in the illustration; the high-ratio 
gear now acting as reduction gear between pinion and” 
fly-wheel. By cranking the starter at a speed approxi- 
mately 70 r.p.m., the fly-wheel attains a speed of some 
10,000 r.p.m. 

The engine mounting is of the three-point suspension 
rubber-cushioned type. 





Inertia starter. 

362 pinion ; 

363 manipulating hand lever ; 
364 crank ; 

365 engine fly-wheel rim ; 
366 disengaging spring ; 

378 coupling control rod. 


353a brake segment ; 
353b stop ; 

357 planetary gear ; 

358 starter fly-wheel ; 
359 planetary gear ; 
360 disc-type coupling ; 
361a flange ; 
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